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The Idaho National Engineering and Environmental Laboratory (INEEL) is a 
2,315 km2 energy research and development site located on the Upper Snake River Plain 
of Southeast Idaho. Owl research was conducted on the site during the spring and 
summers of 1996-1997. Objectives were to: a) determine productivity, habitat use, and 
possible nest site selection factors of burrowing owls (Athene cunicularia ), b) verify the 
presence of small owl species including the boreal owl (Aegolius funereus), the northern 
saw-whet owl (A. acadicus). the western screech owl (Otus kennicottii), the flammulated 
owl (0. flammeolus), and the northern pygmy owl (Glaucidium gnoma), c) determine 
influence of environmental variables and broadcast intervals on long-eared owl (Asio 
otus) calling frequencies, and d) detem1ine the number of nesting long-eared owls 
adjacent to the Big Lost River to compare with 1975-1976 data. 
Sixteen active burrowing owl sites were located in 1996. Eight were reoccupied 
and an additional 14 sites were located on the INEEL in 1997. a 68% increase over the 
known population in 1976-1977 (Gleason 1978). Burrowing owl nesting success and 
productivity levels declined from 80% and 4.5 chicks/confirmed pair in 1996 to 38% and 
0.95 chicks/confirmed pair in 1997. A wet spring may have contributed to lowered chick 
survival. Comparison of nest burrows and unused reference burrows in similar habitat to 
determine potential nest site selection factors yielded only one variable that approached 
significance: nearest perch distance. The nearest perch at nest sites was located further 
away from the burrow than the nearest perch at reference sites. 
IV 
Night-long surveys were conducted for small arboreal species. Presence of the 
northern saw-whet owl was verified by obtaining a tape recording of a vocalizing male. 
A boreal owl and a bird which may have been a western screech owl were heard, but tape 
recordings could not be obtained. The presence of flammulated owls could neither be 
confirmed nor denied, but the similarity of this species' calls to the calls of the long-eared 
owl suggests that flammulated owls reported by Hansen (1994) were likely Jong-eared 
owls. 
Long-eared owls were the most commonly heard species during night-long 
surveys. The most significant recorded factor affecting long-eared owl calling frequencies 
was the Julian date of the survey; late March and early April were peak calling periods. 
Long-eared owl calling frequencies in response to conspecific broadcast intervals versus 
silent intervals were not significantly different in 1996 nor 1997. Similarly, calling 
frequencies during conspecific broadcast intervals versus other species intervals were not 
significantly different in 1996. Long-eared owl numbers were high in l 996 and 
spontaneous calling precluded responses to survey broadcasts. However, in 1997 when 
Jong-eared owl populations were low, significantly lower calling frequencies were 
documented during playback of other species than during conspecific broadcasts. 
Playback of other species may have inhibited long-eared owl calling or conspecific 
broadcast may have incited it. 
The number of nesting long-eared owls adjacent to the Big Lost River in 1996 and 
1997 ( 13 and 12. respectively), was higher than the number documented in 1975 and 
comparable to that in l 976 (3 and 16, respectively). 
v 
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CHAPTER 1 
INTRODUCTION AND STUDY AREA 
INTRODUCTION 
Although recent advances in research techniques have expanded the database on 
owls, there is still a great deal of mystery surrounding these primarily nocturnal raptors. 
Owls are high-level consumers and important biological indicators, sensitive to 
development activities and environmental toxins (Kennedy 1980). Significant changes in 
owl abundance may provide clues to changes in prey composition or abundance and 
provide a rough measure of habitat conditions (Howard et al. I 976). Baseline studies 
may be used as tools to detect long-tem1 changes in owl populations and help decipher 
the poorly understood relationship between man-induced alterations of ecosystems and 
wildlife populations (Kennedy 1980). 
The Idaho National Environmental and Engineering Laboratory (INEEL) in 
southeastern Idaho is an energy research and development facility that has been closed to 
public access since its establishment in 1949. This isolated, minimally disturbed area, 
represents an ideal outdoor laboratory for research on high desert flora and fauna. 
Current research provides a comparison for past and future studies to give an indication 
of changes in wildlife habitat and document wildlife population fluctuations or stability 
over time. This provides the background necessary for initiation of mitigation efforts or 
justification for placing constraints on development (Howard et al. 1976). Much of the 
focus of raptor research on the INEEL has been on diurnal species (hawks. falcons, and 
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eagles), with less attention paid to their nocturnal counterparts, the owls (Morris 1994). 
These elusive birds often go unnoticed and little is known about the owl species utilizing 
the INEEL. Data on species presence or absence, seasonal use, population trends, 
productivity, and limiting factors are critical in evaluating the effects of current and future 
!NEEL activities. 
Since its designation in 1975 as a National Environmental Research Park 
(NERP), numerous environmental studies have been conducted on the INEEL to achieve 
goals as stated in the National Environmental Policy Act (NEPA) of 1969. Baseline 
studies are fundamental to NEPA objectives. Between 1974 and 1994, at least 332 
ecology publications resulted from research conducted on and around the site by the 
Environmental Science and Research Foundation, Inc., University Affiliates, and the 
Radioecology and Ecology Program of the U.S. Department of Energy (DOE), Idaho 
Operations Office. Twenty of these publications resulted from raptor studies; ten have 
involved owl research (Morris 1994). 
Several owl species have been documented on the INEEL (Craig 1977. Gleason 
1978). Two species occupying the open grasslands are the burrowing owl (Athene 
cwzicularia) and the short-eared owl (Asia flammeus). Species that occupy primarily 
arboreal habitats on the site include the great horned owl (Bubo virginianus) and the long-
eared owl (Asio otus). The northern pygmy owl (Glaucidium gnoma) potentially could 
occur on the site. and the presence of other small owl species such as the northern saw-
whct owl (AewJ!ius acadicus), the boreal owl (Aegolius funereus), the western screech 
owl ( Otus kennicottii), and the flarnmulated owl (Otus flammeolus) has been reported but 
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not confirmed (Hansen 1994 ). According to the known habitat requirements of these 
species, juniper woodlands of the site surrounded by high desert shrub vegetation seems 
an unlikely place for their occurrence. However, seasonal migration patterns and climatic 
influences in the surrounding mountainous regions of the upper Snake River Plain create 
the possibility of incidental sightings of these species on the site (Powers et al. 1994). 
Craig ( 1977) initiated the first comprehensive study of raptors on the INEEL. His 
project focus was mainly on diurnal species wintering and/or nesting on the site: owls 
were a relatively minor component of the research. However, data were obtained 
regarding nest density, clutch sizes, incubation periods, breeding phenology, productivity, 
and food habits of long-eared owls. Craig (1977) also included notes on cannibalism by 
great horned owls and sightings of sho1t-eared owls during raptor surveys. 
Gleason ( 1978) conducted the first study on the site dedicated solely to any owl 
species. He documented the breeding ecology of the western burrowing owl on the 
INEEL and on nearby agricultural lands, including an estimate of owl nesting density and 
data on nesting sites, foraging behavior, food habits, and distribution. 
Hansen ( 1994) conducted another comprehensive raptor study on the INEEL. 
similar in some aspects to that of Craig (1977). In addition to nesting studies and winter-
spring roadside surveys for diurnal raptors, Hansen (1994) performed the first study of 
small owl species occurrence on the INEEL. He conducted surveys in Utah juniper 
(Juniperus osteosperma), big sagebrush (Artemisia tridentata). grass, and riverside 
habitats on the site utilizing the playback method. In addition to long-eared, short-eared, 
great horned and burrowing owls, Hansen (1994) reported four species not previously 
documented live on the INEEL: the boreal owl, the northern saw-whet owl, the western 
screech owl. and the flammulatcd owl. 
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Objectives. This project was divided into two main components: burrowing owl 
research and arboreal owl species research. Objectives for the burrowing owl portion of 
the project were to: 1) locate nest sites and extrapolate to obtain an estimate of the entire 
INEEL burrowing owl population, 2) determine productivity of nesting pairs, and 3) 
identify suitable habitats and potential factors involved in nest site selection within those 
habitats. The arboreal owl species portion of the project included three components: 1) 
small owl surveys, 2) long-eared owl responses to playback surveys, and 3) long-eared 
owls nesting adjacent to the Big Lost River. The main objective for the small owl 
surveys was to detect and verify the presence of small owl species on the INEEL. The 
objectives for the long-eared owl responses to playback were to: I) determine the 
influence of environmental variables on long-eared owl calling, and 2) determine 
differences in long-eared owl calling during three intervals of the broadcast period: silent 
periods, broadcasts of other species, and conspecific broadcasts. The number of nesting 
long-eared owls along a 25-km stretch of the Big Lost River was determined to compare 
the current population with the mid I 970's (Craig 1977) population. 
STUDY AREA 
The INEEL. operated by the U. S. Department of Energy. is located in the desert 
shrnb biome of southeastern Idaho· s upper Snake River Plain (Fig. I). This 2.315 km2 
energy testing facility occupies land in parts of Bingham. Bonneville, Butte, Clarke, and 
Jefferson counties. The Lost River, Lemhi. and Bitterroot mountain ranges border the 
site to the west and north. The city of Idaho Falls is approximately 64 km to the east. 
The towns of Arco, Howe and Mud Lake are located to the west, northwest, and 
northeast, respectively. The center of the INEEL is located at approximately 43 °, 40' 
North latitude and 112° , 41 ' East longitude (Hamiss and West 1973). 
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The INEEL, originally the National Reactor Testing Station (NRTS), was known 
as the Idaho National Engineering Laboratory (INEL) prior to I 997. The site was 
established during WWII when the U.S. Navy set aside 700 km2 of land as a gunnery 
range. The Atomic Energy Commission purchased approximately 1,745 km2 in 1950 and 
acquired the remaining lands that make up the present day INEEL in 1958 (U. S. Atomic 
Energy Commisson 1966). The INEEL is isolated from local communities and the nine 
research facilities on the site are widely dispersed. The facilities are connected by a series 
of paved roads , with scattered unimproved roads allowing limited access to other areas of 
the site. The INEEL remains closed to public access, however, and only those conducting 
site maintenance, research, or grazing activities are allowed into the area. Thus, the 
INEEL represents an ideal outdoor laboratory, relatively undisturbed with an abundance 
of sagebrush-steppe desert species. 
The INEEL has a long history of livestock grazing dating back to the late I 800's. 
Cattle herds were driven across the site in the 1870's from Oregon to Wyoming 
rangelands and eastern markets (U. S. Atomic Energy Commission 1966). Severe 
overgrazing, in addition to periods of drought. caused range deterioration and the 
replacement of valuable forage plants by big sagebrush and annuals (Craddock and 
Forsling 1938). In addition. several areas once dominated by big sagebrush have been 
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seeded to crested wheatgrass (Agropyron cristatum) (Reynolds and Trost 1980). 
Approximately 685 km2 of the INEEL has been closed to grazing since 1957 while 1, 139 
km2 around the periphery are sti II grazed (Hamiss and West 1973). 
The Big Lost River, Little Lost River. and Birch Creek drainages flow onto the 
INEEL from surrounding mountain ranges. The Big Lost River is the main waterway on 
the site. flowing onto the !NEEL from the Lost River Valley between the Lost River and 
Pioneer mountain ranges. As a result of diversion mainly for irrigation, the Big Lost 
River rarely reaches the Lost River Sinks in the north-central region of the site. The 
Sinks area acts as a closed drainage basin; its water enters the Snake River Plains 
Aquifer (U. S. Department of Energy 1985). In 1993, the Big Lost River flowed on the 
site during June for the first time since 1986 (Bennett 1990). Relatively wet years have 
followed. and in 1996 the bed of the Big Lost River was not exposed until late July. 
Narrow-leaved cottonwood (Populus angustifolia) trees growing along these waterways 
experienced serious decline during times of drought and many are now standing dead 
snags. 
The topography of the INEEL is rolling to broken. Elevated ridges of basalt are 
scattered over the southern two-thirds of the site. The site is dominated mainly by 
loessial and alluvial soils (Hamiss and West 1973). Elevations on the site range from 
1,454 m at the north end to 1.554 m on the eai;t and southern borders with exception of 
two buttes of volcanic origin. East and Middle Buttes. These cones, located near the 
southern border of the site, reach approximately 426-488 m above the average site 
elevation of 1.524 m (Hamiss and West 1973). 
7 
The INEEL lies in a semiarid cold desert characterized by hot summers and cold 
winters with low annual precipitation . Annual temperatures range from -42 °C to 39°C 
(Clawson et al. 1989). The average annual temperature is 5.6°C. The mean winter 
temperature is below freezing while maximum summer temperatures can reach 30-35°C, 
with diurnal temperature fluctuations of over 20°C (Anderson et al. 1996). Average 
yearly precipitation is 19.1 cm, 40% of which falls during the months of April, May, and 
June (Clawson et al. 1989). July is usually the driest month . 
The primary habitat type of the INEEL is shrub-steppe, typically dominated by big 
sagebrush and green rabbitbrush (Chrysothamnus viscidijlorus) with understories of 
perennial grasses and forbs and other vegetation types of local importance (Anderson et 
al. 1996) (Fig. 2). Common grasses include thick-spiked wheatgrass (Elymus 
lanceolatus) , bottle brush squirreltail ( Elymus elymoides) , Indian ricegrass ( Oryzopsis 
hymenoides), needle-and-thread grass (Stipa comata), and Nevada bluegrass (Paa 
secunda) (Anderson et al. 1996). Utah juniper mixed with big sagebrush and grass can be 
found on low ridges and high buttes. These woodlands can be found in several small 
patches on the site with relatively large areas existing near East and Middle Buttes (the 
Twin Buttes area) and at the foothills of the Lemhi range (Anderson et al. 1996, personal 
observation) . 
CHAPTER2 
BURROWING OWLS OF THE INEEL 
INTRODUCTION 
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The burrowing owl (Athene cunicularia) is a small ground-dwelling owl that 
inhabits open, shortgrass. treeless sites of North America. South America, and the 
Caribbean . Several races of the species exist. and with the exception of the Florida race 
(A . c. floridww), which has expanded in recent years due to increased land clearing and 
grazing practices, many are in decline (James and Ethier 1989. Clark 1997). At least two 
races in the Caribbean have become extinct in historic times (Clark 1997). 
The range of the western race (A. c. hypugaea) in North American extends from 
southwestern Canada, throughout the western United States, and into southern Mexico 
(Haug et al. 1993. Clark 1997). Burrowing owls were once abundant and widespread 
throughout the grasslands, low-growth shrub areas. and deserts of the west, but significant 
population declines in recent decades have gained the attention of conservationists (Zarn 
1974. Wedgewood 1976. Collins 1979. Thompson 1983 . James and Ethier 1989. Haug et 
al. 1993, Griffiths and Griffiths 1996, Clark 1997, Lincer 1997). The species has suffered 
losses due to human disturbances, land development, shooting, use of biocides, vehicle 
collisions, and especially habitat destruction and efforts to control fossorial mammals on 
which the birds depend for nest sites (Thomsen 1971 , Butts 1969. Zarn 1974, Konrad 
and Gilmer 1984. James 1987. Haug et al. 1993, Lincer 1997). 
The western burrowing owl has been extirpated from British Columbia (Haug et 
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al.1993) and restoration and recovery efforts are underway with the initiation of 
Operation Burrowing Owl and the Burrowing Owl Recovery Plan (I-ljertaas 1997a,b). In 
the western United States. significant downward population trends have been documented 
by Breeding Bird Surveys and Christmas Bird Counts (Haug et al. 1993, James and Ethier 
1989). Jn spite of the knowledge that the species is in decline, actual population 
estimates and life history information such as wintering sites and ecology, migration 
routes, foraging strategies, range, and dispersal of young are lacking. Efforts are now 
being made to determine the status of burrowing owls in the United States, and research 
is a priority (1 ames and Es pie 1997. Lincer 1997). 
The burrowing owl resides on the INEEL. The declining status of this fossorial 
bird is important to the Department of Energy in terms of potential effects of INEEL 
activities on the owl and requirements of the National Environmental Policy Act of 1969. 
Knowledge of INEEL burrowing owl ecology will aid in evaluating the influence of 
future development projects on the site and in determining potential mitigation strategies. 
The burrowing owl is listed as "Sensitive" by the Bureau of Land Management 
and as a "Species of Concern"' by the U.S. Fish & Wildlife Service. Its status in Idaho 
could be classified as a) rare or uncommon. but not imperiled, and b) not rare. apparently 
secure. but with cause for long-term concern (Conservation Data Center 1997). Thus. 
information on the exact status of the species in Idaho is currently lacking. Data on 
burrowing owl habitat use, population sizes, trends. distributions, and limiting factors are 
vital in determining status and any plan of action (if necessary) for conservation of the 
species. Baseline studies are valuable contributions to this database. 
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Burrowing owls of the INEEL were first studied in 1976-1977 when Gleason 
(1978) estimated densities, and determined nesting sites, foraging behavior, food habits, 
and distribution of the species on the site and nearby agricultural lands. In addition to 
Gleason ' s ( 1978) work. burrowing owls on the INEEL have also been noted anecdotally 
by INEEL personnel, and documented on annual Breeding Bird Survey routes in recent 
years (Table I, Fig. 3). 
O~jectives. There were three primary objectives: 1) to locate as many nesting 
pairs as possible and estimate a minimum density based on available suitable habitat for 
the entire IN EEL, 2) to document productivity of breeding pairs on the INEEL, and 3) to 
evaluate owl occurrence and nest sites in relation to surrounding habitat variables to 
determine potential nest site selection factors. For the third objective we tested the 
hypothesis that burrowing owls select nest sites in suitable habitat based primarily on 
above ground factors such as burrow mound and entrance dimensions, vegetation 
characteristics within a 25-m radius of the burrow, and availability of potential satellite 
burrows within a 150-m radius. 
METHODS 
Surveys. Spring surveys for territorial bmTowing owls were conducted primarily 
in May of 1996 and 1997. Visual searches on foot and from a vehicle supplemented 
crepuscular playback surveys (the broadcast of calls to elicit responses from conspecifics 
[Johnson et al. 1981, Marion et al. 1981. Haug and Didiuk 1993]). Additionally, posters 
with pictures and descriptions of burrowing owls were placed within guard stations of 
three !NEEL entrance gates requesting reports of burrowing owl sightings. The primary 
"coo-coo'' call of the male burrowing owl was obtained from a Peterson Field Guides, 
Western Bird Songs® compact disc and transferred onto a blank cassette tape. 
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Disclaimer: The use of tradenames or references to specific companies or products in this 
publication does not imply endorsement by South Dakota State University. They are 
included only as an aid to the reader. 
In 1996. playback surveys were conducted mainly in the morning hours. when 
wind speeds were lowest. beginning near sunrise and ending at approximately 1000 hrs 
MST. The method included a one minute calling period wherein six single "coo-coo" 
calls were separated by I 0-15 seconds of silence, followed by a five minute I istening 
period. Th is pattern was repeated two or three times for a total of about I 0-15 minutes of 
survey time at each location. Survey routes were located along existing roadways in 
potential burrowing owl habitats, i.e .. grassy sites with overall low shrub density and 
vegetation height as determined by literature review (Grant 1965. Butts 1969, Zarn 1974, 
Wedgewood 1976, Green 1983. Rich 1984a, Johnsgard 1988, Plumpton and Lutz 1993, 
Haug et al. 1993). Stops along the routes were approximately 0.48-0.80 km apart. 
In 1997 the survey method was modified to increase efficiency. A new audio tape 
was created with an alternating pattern of 16 seconds of calling followed by 15 seconds of 
silence. This pattern was repeated continuously as the tape was broadcast for a minimum 
of five minutes and up to 10-15 minutes if responses were obtained. Surveys were 
conducted in 1997 primarily in the evening hours, when low winds allowed, from 
approximately one hour prior to sunset to the point when darkness prevented visual 
observation of responding owls . The change in survey timing from morning hours in 
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1996 to evening hours in 1997 was based on personal observations of the owls; the birds 
seemed to be more responsive to playback in the evenings, although other research has 
indicated there is no difference between these times (Haug and Didiuk 1993). Sites 
where vocal responses were heard were investigated during daylight hours and searched 
visually on foot or from a vehicle for territorial pairs. Exact nest site locations were later 
recorded utilizing a global positioning system (GPS) unit (Trimble Geoexplorer II®). 
An estimate of potential burrowing owl habitats surveyed was obtained by 
outlining the surveyed sites on an INEEL vegetation map (Anderson et al. 1996) and 
transferring them to a cardboard cutout of the INEEL. The small pieces were then 
removed and weighed. The ratio of this combined weight to the weight of the complete 
INEEL cutout provided the approximate percentage of the INEEL searched for burrowing 
owls. The cut-out weights of a) grazed crested wheatgrass habitats. b) grazed lands 
located adjacent to agricultural fields, and c) miscellaneous other habitats were then 
weighed separately to determine the percent composition of each and the fraction of the 
INEEL represented by the three groups. This fraction was compared to the actual size of 
the INEEL (231,600 ha) to obtain approximate area of each type of habitat searched. 
Habitat. Soil types and vegetation classifications of occupied areas were 
determined utilizing GPS locations and Geographic Information System (GIS) 
capabilities (Randy Lee, Lockheed Martin Idaho Technologies Company, Idaho Falls, 
Idaho, pers. commun.). Additionally, general land use and actual dominant vegetation 
types observed within a 25-m radius of active and potential burrowing owl sites were 
recorded. 
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Productivity. Occupied nest sites were monitored for the presence of chicks 
beginning in early June of each year. Criteria used to determine hatching success by pairs 
included the presence of eggshells near the burrow or in pellets (Green 1983), a heavily 
trampled mound, downy feathers at the site, or observations of chicks. Chicks were 
considered fledged when they could first fly and begin to utilize adjacent satellite 
burrows. This usually occurred at 25-30 days of age (Grant 1965. Zarn 1974. Olenick 
1990. King 1996). Productivity estimates were obtained by direct observation using a 20 
power spotting scope from a vehicle if the nest could be viewed from a road, or by 
utilizing a portable SONY® Handycam, 8 mm High Resolution video camera. Most nests 
were revisited several times and observed or taped for at least one hour in an attempt to 
obtain accurate brood counts. The best video technique involved setting the camera 
directly on the ground near the burrow entrance (often Jess than I m away). concealing it 
with grass or shrubs. and leaving it to record activity undisturbed for approximately one 
and one-half hours - the life of the battery. Adults or chicks often appeared within 15 
minutes of observer departure. 
Because exact laying and hatching dates of the owls were not known, it was 
necessary to estimate the age of the growing chicks. Ability to fly was not always directly 
observed. and chicks were determined to be at or near fledgling age according to one or 
more of the following criteria: a) well developed primaries, b) absence of obvious down 
on the head and body. c) nearly adult size, d) avid hunting of insects around the burrow, 
e) occupation of satellite burrows. and f) ability to fly. Ages of chicks at 11 nests were 
also approximated by comparing video footage to photos and descriptions published by 
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Priest (1997). Backdating from the age of the chicks in these videos utilizing a 28 day 
incubation period (Zarn 1974, Landry 1979. Henny and Blus 1981) provided approximate 
laying and hatching dates. 
Because of the difficulty in determining the stage of underground nests upon 
discovery or loss without disruption of sites. nesting success rates reported here are 
simply the observed number of pairs among known (confirmed) pairs that successfully 
fledged at least one chick. Unpaired individuals (Plumpton 1992) and nest sites or pairs 
found late in the season when chicks were fledged or nearly fledged were excluded from 
productivity. The average number of chicks fledged per confirmed pair was calculated. 
Fate of each nest (successful. abandoned. or predated) was documented. 
Burrow and vegetation measurements. Burrowing owls prefer grassy areas of 
low vegetative height with relatively little shrub cover and available burrows (Grant 
1965, Butts 1969, Zarn 1974, Wedgewood 1976, Green 1983, Rich 1984a, Johnsgard 
1988. Plumpton and Lutz 1993. Haug et al. 1993) and avoid dense shrubs and tall 
vegetation (Rich 1984a). I attempted to determine if burrowing owl nest site selection 
within suitable habitat was influenced by surface characteristics of burrows and variables 
of the immediate surrounding area. For each known nest site a corresponding reference 
burrow in similar habitat was subjectively located by searching peripherally from the nest 
burrow. Reference burrows were burrows that potentially could have been used as nest 
sites but were unoccupied. Measurements at these burrows were compared with nest site 
measurements in attempts to identify factors involved in nest site selection. Searches for 
reference burrows were conducted only within the same plant communities as active 
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burrows, i.e., active burrows in crested wheatgrass were matched with reference burrows 
in crested wheatgrass. Selection criteria of reference burrows also included an open 
entrance with mound size comparable to nest sites. The tunnel in reference burrows 
appeared to be adequate in dimensions and depth for burrowing owl use, but tunnel 
openness beyond surface visibility was not confirmed. 
Characteristics of the burrow mound. entrance. tunnel. and the surrounding 25-m 
radius of vegetation were recorded at each nest and reference site in late July and early 
August. Measurements of each burrow mound included length. width, and height. 
Mound length was measured from the ceiling edge of the entrance, directly across the 
entrance opening and the soil mounded in front of it, to the edge where excavated soil 
ended. Mound width was the maximum spread of upturned soil peqJendicular to the 
entrance. Mound height was the approximate vertical distance from surrounding ground 
level to the most elevated point of the mound. This measurement was taken by fastening 
one end of a tape measure to a metal rod inserted into the mound at the highest point and 
extending the tape (usually l m or less) to a ruler placed upright on the nearby exposed 
ground. The tape was stretched parallel to the surrounding ground surface, held at a 90° 
angle to the ruler, and the height (cm) at this intersection was recorded. Mound 
measurements were multiplied together (length x width x height) to obtain a volume 
index for comparing relative mound size between nests and reference burrows. This 
index was not intended as an actual estimate of mound volume. 
Measurements taken at each burrow entrance included orientation, height, and 
width. Orientation of the entrance was the azimuth the burrow opening faced, i.e., the 
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direction an owl inside the tunnel would be facing upon emergence. Entrance height was 
measured as the maximum distance between the ceiling and the floor of the entrance. 
Entrance width was the maximum distance between side walls of the entrance. Entrance 
measurements were multiplied together (w x h) to obtain an area index for statistical 
analysis. 
Width and height of the tunnel at approximately 60 cm below the tunnel entrance 
(where the tunnel narrowed significantly) and the initial slope of the tunnel down from 
the entrance (deviation from horizontal: a larger angle indicated a steeper slope) were also 
measured. Tunnel dimensions were approximated using a 60 cm long, 0.64 cm dowel 
with a flexible 15 cm ruler tacked onto the end. Due to the angle and curve of most 
tunnels, the ruler was often not visible to the observer when in place. Tunnel width 
between side walls and height from ceiling to floor was estimated by judging the distance 
the ruler could be moved horizontally or vertically (if at all) at 60 cm into the tunnel and 
adding or subtracting that amount from the 15 cm represented on the ruler. This method 
was tested on tunnels where the ruler was visible 60 cm down. Tunnel measurements 
were multiplied together (width x height) to obtain an area index for statistical analysis. 
Tunnel entrance slope was determined by laying a meterstick flat on the floor of the 
tunnel entrance, placing a metal rod vertically next to the meterstick, and tracing the angle 
created by this intersection onto blank paper. The degree of this angle was subtracted 
from 90° to obtain the slope below horizontal. 
The surrounding vegetation of each nest and reference location was characterized 
using several measures. Dominant vegetation type(s) and number of elevated perches 
(e.g. tall shrnbs, fence posts) were recorded. The distance to, and height of the nearest 
available perch were also recorded. 
Shrub intercepts, percent vegetative cover, visual obstruction readings (VORs). 
and vertical densities, were documented along four lines radiating from each burrow 
mound . A random azimuth was generated, and three other azimuths were calculated by 
adding 90° to each new azimuth. A measuring tape was extended 25 min each 
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direction. Shrub intercepts (Canfield 1941) were obtained by recording the cover (cm) of 
big sagebrush and rabbitbrush that fell directly beneath the tape measure. Two shmb 
species, winterfat (Krascheninnikovia lanata) and moundscale (Atriplexfalcata), 
occurred in high quantities near several burrows, but because shmb intercept was 
measured largely to dete1mine visual obstrnction , and winterfat and moundscale are 
relatively low-lying shrubs , these species were grouped with forbs . At 5-m intervals, a 
Daubenmire ( 1959) frame was placed to provide an estimate of percent cover of forb and 
low shrub, shrub, grass, rock, and litter and bareground. At the same locations, a metal 
rod (Wiens l 973) was lowered vertically into the vegetation and "hits" of live and dead 
vegetation within each of five l 0-cm increments on the rod were recorded to determine 
vertical density . Finally, a Robel pole (Robel et al. l 970) was placed at 5 m and IO m 
from the mound along each azimuth and read by an observer kneeling on the mound, 
looking at the pole with eyes at approximate burrowing owl height (about 23cm), to 
determine VO Rs within the immediate I 0-m radius of the burrow mound. 
At each nest and reference site, the number of potential satellite burrows available 
within a 150-m radius were counted. These were unoccupied burrows with an open 
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entrance of adequate size for adult and juvenile burrowing owl use. The 150-m radius 
area was based on the widely scattered nature of existing badger (Taxidea taxus) digs 
utilized by the owls and observations of satellite burrow use. Reference burrows were 
located at least 300 m from nest burrows so these radii would not overlap. The number of 
burrows were categorized as occurring within 0-25. 25-50. and 50-150-m radii. Sites 
were searched for satellite burrows using a pattern that divided the 150-m radius circle 
into wedges. Age (new or old) of the potential satellite burrows was determined 
subjectively by appearance and degree of compaction of the mound and entrance. New 
burrows had a relatively soft mound of freshly excavated soil, not dried or compacted, 
and an entrance free of spiderwebs and debris. Old burrows had a compacted. cracked. 
dried mound often with debris and/or spider webbing in the entrance. although the 
entrance might also be clear of material. Age of these burrows was relevant in providing 
a distinction between the number of burrows likely present when the owls first began to 
arrive in early spring (old burrows) versus the number of burrows available near the time 
when the chicks would possibly utilize them (new burrows). 
Mound, entrance. and tunnel measurements, plus VORs were also documented at 
the most heavily used satellite burrow (if applicable). VORs were the only vegetation 
component measured at these satellite burrows because the majority of these were located 
near nest sites and 25-m radii of vegetation often overlapped with nest habitat. Relative 
use of satellite burrows was determined by comparing the relative amount of fecal 
droppings, pellets, and/or feathers at each site. 
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VORs were the only variable measured in 1997 at nests that had been occupied in 
1996. The basic vegetative composition was assumed to be identical between years with 
the possible exception of vegetative height due to annual precipitation differences. 
Burrowing owls line their nest burrows with manure and/or other debris (James 
and Scabloom 1968, Thomsen 1971, Martin I 973a, Zarn 1974, Green 1983). Nests were 
recorded as either lined or unlined. 
Burrow availability. Early in the spring of 1997. burrow density was estimated in 
four habitats occupied by nesting owls in 1996, and in two accidental burn areas 
representing potential nesting habitats (Haug et al. 1993). One site. burned in 1994. was 
revegetated. primarily with forbs and grasses. The other site. burned in late summer 
1996, was completely unvegetated. Ten transects, each 500 m long, were subjectively 
located near road access within each habitat and available burrows on either side of the 
transect were counted (Green 1983). Transect width varied from as narrow as 40 m in 
vegetated habitats with low burrow visibility. to 141 m in the unvcgetated burned site. 
Unsuitable habitats. Shrub intercept and VORs were also recorded in apparently 
unsuitable burrowing owl habitats that had been rejected for nest searches based on 
literature review. Fifteen sites were subjectively chosen in shrub dominated habitats 
dispersed on the INEEL. A tape measure was stretched out to 25 m in the four cardinal 
directions. shrub intercept totals of big sagebrush and rabbitbrush were recorded, and 
VORs from owl eye level were documented at 5 m and 10 m along each azimuth for 
comparison with nest and reference sites. 
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Data analysis. Stepwise logistic regression analysis was used to explore possible 
factors (measured burrow and vegetation variables) separating burrowing owl nest sites 
from unused reference burrows . Categorical data modeling (CATMOD - loglinear model 
analysis) was utilized to examine potential satellite burrow abundance and distance from 
the respective nest or reference site as possible selection factors. Nest success between 
years. as well as differential success of lined versus unlined nests. were compared using 
chi-square analysis . One way analysis of variance (ANOV A) was used to compare VOR 
readings and shrub intercepts of unsuitable habitats to nest and reference sites. utilizing 
the square root of the VOR means to normalize the data. VORs at reused nests were 
compared to the first year readings at these locations using a paired t-test. Statistical 
Analysis Systems (SAS) was utilized for most data analysis (SAS fnstitute Inc. 1989). 
RESULTS 
Surveys. Burrowing owls were first observed on the INEEL in mid-late March of 
1996 and 1997 (Table 2). In 1996, 16 occupied sites were located. 11 of these were 
found early enough in the season to be monitored (Table 3. Fig. 3). Eight playback 
surveys resulted in the discovery of five of the 1996 nest attempts: four of five males 
responded to broadcasts with the primary call. The remaining nest attempts were located 
visually via foot and vehicle surveys and reports by other personnel working on the 
INEEL. One site was occupied by a single adult and was abandoned between 30 June and 
18 July with no sign of a second adult, eggs, or chicks. The remaining known active sites 
were occupied by confirmed pairs . 
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Eight of 15 (53%) occupied burrows located in 1996 were reused in 1997, and 16 
new sites were located for a total of 24 active burrows in 1997 (Table 3, Fig. 3). Twenty 
playback surveys resulted in the discovery of seven of the new sites . Five of the 
territorial individuals reponded with the primary call, one responded by uttering the 
primary call and flying close to the observer, and one uttered a secondary chuck-and-
chatter call (Martin I 973b) in response to playback. Additionally, during my attempts to 
locate new birds in areas already occupied by known pairs, several of the birds at known 
sites responded vocally and behaviorally to playback. On three of these occasions , the 
female emerged from the burrow and male and female copulated. Videotape footage of 
adults (known to have either eggs or young chicks) revealed that copulation occurred as 
late as 11 June 1997. The majority of surveys were conducted 2-27 May. and the greatest 
number of vocal responses occurred during the first week of May. Nine of the new 1997 
sites were discovered during visual and foot surveys. As in 1996. one site was occupied 
by only a single adult and was subsequently abandoned. Two of the 24 1997 sites were 
located in grazed areas just outside the eastern INEEL boundary. the remaining sites were 
found on the INEEL. Confirmed pairs occupied 21 of the 24 active burrows. 
Hunting forays by adults were observed on two separate occasions in 1997 within 
areas not occupied by known pairs. One adult was observed directly in front of the Idaho 
Chemical Processing Plant (ICPP) facility, the other was located along Highway 20 in a 
1996 burn near Argonne National Laboratory- West (ANL-W). Nest searches in these 
areas were unsuccessful ; therefore, these sightings were not included in results. 
However, these observations confirm the presence of additional owls and suitable owl 
habitats on the site . 
Habitat. I surveyed approximately 9.915 ha (4 .3%) of the !NEEL in suitable 
burrowing owl habitats (Table 4). About 36% (3 ,532 ha) was crested wheatgrass, 20% 
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( 1,967 ha) was grazed native grasses adjacent to agricultural fields . and 44% (4.415 ha) 
was miscellaneous habitat (old bums. outcrop areas. rabbitbrush, winterfat, native 
grasses) scattered throughout the site. The majority (51 % ) of active sites within the 
INEEL boundaries were located in crested wheatgrass plantings. Additionally, one of the 
two sites located outside the eastern border of the INEEL was in a crested wheatgrass 
pasture. The other was in a grazed area of native vegetation. Utilizing the maximum 
number of burrowing owl sites detected on the INEEL during this research (22 in 1997), 
and the number of suitable habitats searched (approximately 9,9 I 5 ha), the density of 
burrowing owls on suitable searched habitats of the INEEL was 0.002 sites/ha. 
Territorial burrowing owls were found in several habitats and maintained burrows 
in several different soil classifications under four different soil groups (Tables 5 and 6). 
The most common soil classification in which nine active burrowing owl sites were 
located was Terreton silty clay loam (playa soil group). Seven were located in Coffee-
Nargon-Atom complex, 2-12% slopes, and six were located in Atom silt loam, 2-8% 
slopes: both types are listed under the loess (silt, loam, windblown) soils group. 
Landscape slope information indicated that 13 burrowing owl sites were on flat terrain 
and 14 were located on slopes of 18% or less (Randy Lee, Lockheed Martin Idaho 
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Technologies Company, Idaho Falls, Idaho, pers. commun.). For detailed descriptions of 
INEEL soils see Olson et al. (1995). 
Nesting habitat included a variety of vegetation types on the INEEL (Table 5). 
The majority of nest sites were located within grazed crested wheatgrass and grazed 
native grass areas. Observed nesting habitat did not necessarily correspond with habitat 
as determined by current INEEL GIS technologies (Appendix A). 
Productivity. Five of 16 (31 % ) occupied sites in 1996 were excluded from 
productivity calculations because they were found too late in the nest cycle (Table 3). 
One burrow was discovered 2 June with the decayed remains of an adult on the mound 
and no sign of a second adult, likely a failed nesting attempt. A family of seven on 30 
June, and a family of five on I 0 July were discovered at their original nest sites. Another 
family with five fledglings was discovered in a burned area 30 July. The final site to be 
excluded from productivity was a burrow that likely had been occupied by a pair with 
chicks (based on evidence at the mound), but was found abandoned on 29 July. The 11 
sites used to calculate productivity were discovered relatively early during the breeding 
season, although exact stage at discovery could not be determined. These were 
infrequently revisited until productivity counts began. 
Backdating from video footage resulted in estimated laying. hatching. and 
fledging periods listed in Table 2. In I 996, chicks were hatched at 9 of 11 (82%) 
occupied sites found early enough to monitor. Eight pairs successfully fledged 45 chicks 
for an observed nesting success of 80% among confirmed pairs. Fledgling brood sizes 
ranged from two to seven, with an overall productivity level of 4.50 chicks 
fledged/confirmed pair (Table 3). 
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In 1997, chicks were hatched at a minimum of 15 of 24 ( 63%) sites occupied by 
single birds and confirmed pairs. This is a conservative measure. it is possible that a 
higher percentage of clutches actually hatched because some sites were abandoned before 
nesting success could be determined. Eight pairs successfully fledged 20 chicks for an 
observed nesting success of 38% among 21 on and off-site confirmed pairs. Productivity 
averaged 0.95 chicks fledged/confirmed pair. Brood sizes ranged from one to five chicks 
(Table 3). Exclusion of the two unsuccessful confirmed pairs located off-site resulted in 
an INEEL nesting success rate of 42% (8 of 19 confirmed on-site pairs). and an average 
brood size of 1.05 chicks fledged/confirmed INEEL pair in 1997. 
A significantly higher number of unsuccessful nests occurred in the second field 
season Ci= 4.71, 1 df. P < 0.05), with considerably more predation and abandonments 
and lowered productivity. In 1996, 3 of 11 (27%) attempts failed: one was predated. and 
two were abandoned (these values exclude the five sites that were also excluded from 
productivity calculations). In 1997. the number of failures increased to 16of24 (67%): 
seven were predated and nine were abandoned (Table 3). 
Nearest neighbors were usually spaced greater than 200 m apart. The closest 
known neighbors were two nests located l 21 m apart. and the only incidence of 
cannibalism was documented here when one of the adults was observed delivering a dead 
burrowing owl chick to its brood. Other low nearest neighbor distances were 123 m and 
186 m. No instances of cannibalism observed at these sites. 
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Twenty-five of the 1996 and 1997 nest burrows occupied by confirmed pairs were 
lined, three were unlined, and presence or absence of lining was not determined at three 
sites . No significant difference was detected in nesting success of lined versus unlined 
nests (X2 = 0.45, 1 df, P = 0 .50). 
Potential nest site selection factors. The active burrowing ow 1 sites excluded 
from productivity calculations were included in burrow and vegetation measurements, 
with the exception of the family for which a nest burrow was not found. None of the 
variables measured at 31 nests and 31 reference burrows were statistically different (P > 
0.05) as potential nest site selection factors (Tables 7 and 8). The model was relatively 
weak with 61.3% concordant pairs, 38 .2% discordant pairs, and 0.5% ties. Other 
indicators of strength of the model. Somer's D (0.232). Gamma (0.233) , and Tau-a 
(0.616) , were relatively low . The only variable approaching significance (X2 = 3.2, I df. 
P = 0 .058) was the nearest available perch distance. The nearest available perch at nest 
sites was located further away from the burrow mound than was the nearest available 
perch at reference sites, i.e., reference burrows had closer perches than nest burrows (Fig. 
4 ). VO Rs at 5 m and I 0 m from re-used burrows did not differ significantly (t-value 5 m 
= 0.38, t-value 10 m = 0.35, 1 df P > 0.05) from the previous year. VORs and measures 
of the mound, entrance, and tunnel of the most heavily used satellite burrow adjacent to 
nest sites were not significantly different (P > 0.05) than those at nest and reference 
burrows (Table 7) . 
Burrow availability. Neither known nor potential burrowing owl habitats had 
high burrow densities. Survey of 121 ha in four areas utilized by burrowing owls in 1996 
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and 1997 averaged 0.49 burrows/ha (range: 0.13-0.93 burrows/ha). Surveys of 91 ha of 
recently burned habitat yielded even fewer available burrows. Only 0. 10 burrows/ha were 
located in an area burned in 1994 (revegetated) while 0.01 burrows/ha were located in a 
1996 (unvegetated) burned area. Searches for potential and used satellite burrows within 
150-m radius of nests and reference sites (as a possible nest site selection factor) covered 
approximately 438 ha. Five hundred fifty-seven burrows (460 "old" burrows and 97 
"new" burrows) were counted (1.27 burrows/ha). Assuming only old burrows were 
present at the time the owls arrived, available burrow density in March would have been 
1.05 burrows/ha surrounding all subsequent nest and reference sites (1 .12 burrows/ha at 
nest sites, and 0.97 burrows/ha at reference sites). No significant difference (X2 = 1.69, 2 
df, P > 0.05) existed between nest and reference sites in potential satellite burrow 
abundance within a 150-m radius (Table 9). 
Unsuitable habitats. Shrub intercept values of big sagebrush and rabbitbrush in 
unsuitable habitats were significantly greater than in habitats surrounding nest and 
reference sites (F = 59.20, 2 df, P < 0.001) (Table 10). Average percent shrub was 18% 
in unsuitable habitats. 2% at nests. and 3% at reference burrows. Average VO Rs in 
unsuitable habitats were also significantly higher than at nest and reference sites (VOR at 
Sm: F = 31.28, 2df. P < 0.05; VOR at !Om: F = 37.21, 2 df, P < 0.05). 
DISCUSSION 
Surveys. The arrival dates of burrowing owls on the INEEL corresponded closely 
to those reported by Olenick ( 1990) near Blackfoot Idaho. south of the INEEL boundary. 
He reported first observations on 20 March 1986 and I 6 March 1987; first sightings 
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during my research were 20 March 1996 and 18 March 1997. The widely scattered nature 
of badger digs on the I NEEL and large size of the study area made visual and foot surveys 
time consuming and difficult. The playback method was useful in detecting territorial 
pairs. Haug and Didiuk ( 1993) reported playback increased detection rates of male owls 
by 38% and of females by I 00% over visual surveys. Their research revealed 84% of 
male owls responded to playback, 64% of which exhibited territorial posturing and issued 
the primary call. On the JNEEL. broadcast of calls allowed coverage of relatively large 
areas in a short period of time and resulted in detection of 12 territorial pairs. 
Habitat. Burrowing owls were observed in several habitat types on the !NEEL. 
Attempts were made to quantify burrowing owl habitat types based on known occupied 
areas and current vegetative classifications in the !NEEL Geographic Information System 
(GIS) (Anderson et al. 1996; Randy Lee, Lockheed Martin Idaho Technologies Company, 
Idaho Falls. Idaho, pers . commun.) to extrapolate the density of burrowing owls nesting 
on the entire !NEEL. GIS technology provides a relatively coarse classification of 
vegetative types on the site, and GIS classification of burrowing owl habitats rarely 
reflected actual habitat surrounding active burrows. For example, several sites were 
determined to be in shrub-steppe habitat (dominated by big sagebrush [Anderson et al. 
1996]) according to GIS mapping. but field observations indicated crested wheatgrass 
was the predominant vegetation type. Most territorial burrowing owls were observed in 
grassland areas, but some areas labeled grassland according to GIS mapping appeared 
unsuitable in the field for burrowing owl use because of tall vegetative height or high 
shrub cover. Therefore. an accurate estimate of the amount of suitable burrrowing owl 
habitats on the entire lNEEL could not be made. 
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There were nine active nest sites (three sites were used both years) utilized on the 
INEEL by burrowing owls during Gleason· s ( 1978) study: four were located in badger 
digs. and five were in lava outcrops. Some outcrop sites were scanned for burrowing 
owls during my research. but the flat open grassland areas were more intensively 
searched, and all 29 active sites found on the lNEEL were in abandoned badger digs, as 
were the two nests located off-site. The outcrop sites visited by Gleason ( 1978) likely are 
still intact today and may be utilized by burrowing owls if the surrounding habitat is still 
suitable. However, the exact location of these sites was unknown: therefore, these areas 
were not surveyed for owls and their current status as suitable habitat is undetermined. 
Several large areas were burned during the course of this research. Burned areas 
were not searched due to the lack of open burrows observed during burrow availability 
transects (severe post-fire dust storms had filled nearly all detected burrows). but owls 
were later discovered within burns. The birds may have cleared burrow entrances that 
had been blown shut. They have been known to excavate and renovate tunnels (Thomsen 
1971 , Coulombe 1971, Zarn 1974, Collins 1979). Other authors have also reported use of 
burns by burrowing owls and recommend burning as a management tool (Belthoff and 
King 1996, Haug et al. 1993). The size of the INEEL and personnel constraints prevented 
intensive searching of all possible sites . 
/NEEL population. In 1996, 16 individuals and pairs were located on the 
lNEEL. In 1997, 14 new active burrows were found on the INEEL plus eight burrows 
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from 1996 were reoccupied, and two off-site nests were discovered near the eastern 
INEEL boundary. Gleason ( 1978) found 15 burrowing owl pairs in each of two field 
seasons: six pairs located on the INEEL annually. and nine pairs located off-site near the 
towns of Howe and Atomic City each year. Gleason's (1978) extrapolation estimate 
predicted a maximum of 40 pairs of burrowing owls nesting in suitable habitats on the 
INEEL, or one pair per 58 km2, although he did not describe how he arrived at this 
estimate. Thus, direct comparison of his extrapolation and my maximum density estimate 
of burrowing owl sites on INEEL suitable searched habitats (0.002 sites/ha) is difficult. 
Based on personal observations of habitat and sightings of owls during my research, other 
unsearched areas on the INEEL could potentially yield additional nesting pairs. It seems 
plausible, given the large size of the INEEL (most of which is not accessible by roads). 
that 40 occupied burrows could exist on the site: however, without a more exact estimate 
of suitable habitat on the site an accurate extrapolation cannot be made. 
Gleason ( 1978) visited all areas accessible by road at least once, an estimated 15% 
of the INEEL which included approximately 5% suitable burrowing owl habitat by his 
approximation, although he did not specify the methods used for determining the amount 
of searched and suitable habitat. He found nine occupied sites on the !NEEL during his 
research (excluding three reoccupied burrows in 1977) (Gleason 1978). During my 
research, only suitable burrowing owl habitats were searched - an estimated 4.3% of the 
INEEL. r did not attempt to survey locations outside the INEEL (the two off-site 1997 
burrows were accidentally discovered en route to another area on the site). Thus, I 
surveyed approximately 10.7% less area than Gleason (1978), but found 28 utilized sites 
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on the INEEL during my research, 19 more than Gleason ( 1978). These 28 sites include 
only occupied INEEL burrows (reoccupied burrows were counted only once), and 
exclude two off-site nests and three observalions of adults and/or families for which no 
nest site was found. My results suggest a 68% increase (I - [9 -:- 28]) over the number of 
sites located on the INEEL by Gleason ( 1978). 
Gleason (1978) performed only visual and/or foot surveys, and did not utilize the 
playback method. The apparent difference in the INEEL burrowing owl population since 
the mid 1970s may reflect differences in techniques. Alternatively, the INEEL burrowing 
owl population may have truly increased since the mid l 970's. If so, this contrasts with 
reports the western subspecies of burrowing owl is declining throughout its range in 
recent decades (Zarn 1974, Wedgewood 1976. Collins 1979, Thompson 1983. James and 
Ethier 1989, Haug et al. 1993, Griffiths and Griffiths 1996, Lincer 1997). Without 
knowledge of the intensity of Gleason's (1978) searches and the exact areas he searched, I 
cannot state with confidence that an actual population increase has occurred. Differences 
in habitat use by burrowing owls during each study implies that habitat types may have 
been searched with a varying degree of effort by Gleason (I 978) and myself. During my 
research the greatest number of burrowing owls were found in grazed crested wheatgrass 
plantings and native grasses, while all INEEL sites occupied during Gleason· s (1978) 
study were located in grazed areas dominated by winterfat-saltbrush and rabbitbrnsh-
Indian ricegrass habitats. 
Sixty percent of all located burrows occupied in 1976 (both on and off-site) were 
also occupied in 1977 (Gleason 1978). This value is only slightly higher than the 53% 
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burrow reuse documented during my research. Lower rates of 31.4% and 48.9% nest site 
reuse in burrows and lava outcrops. respectively, were reported in another area of Idaho 
by Rich (1984/J). and 20% reuse was reported by Plumpton and Lutz (1993) in Colorado. 
INEEL burrow re-use rates seem relatively high compared to other regions . This may be 
due to relatively low burrow densities on the site. 
Burrow availability. Gleason (1978) suggested prey availability and lack of 
suitable burrows for nesting were limiting factors for the INEEL burrowing owl 
population . I did not attempt to survey prey availability; however. I concur that burrow 
availability is potentially a limiting factor. There are several species of fossorial 
mammals on the site, but badgers create the only burrows of suitable size for burrowing 
owl nest sites (Gleason 1978, Green 1983). ln Oregon, Green ( 1983) reported badger 
burrow densities of 1.8 potential burrows/ha in occupied owl habitats. considerably more 
than the 0.49 burrows/ha in known suitable INEEL habitats . Green and Anthony ( 1989) 
found badger burrows are generally clumped. Although I found burrow densities 
available early in the season ("old" burrows) were slightly higher within the 150-m radius 
around nest and reference burrows (1 .05 burrows/ha overall. excluding the nest or 
reference burrow itself), they were still lower than Green· s ( 1983) 1.8 burrow/ha average . 
Desmond and Savidge ( 1996) reported an average badger burrow density in the 
Oklahoma panhandle of 0.5 burrows/ha, a value similar to my transect estimate. Owl 
nesting densities were considerably less in badger habitats in Oklahoma than in prairie 
clog towns , likely due to burrow availability (Desmond and Savidge 1996). Even lower 
burrow densities occurred in burned INEEL habitats. This is likely a result of high winds 
immediately after the fires, filling many pre-existing burrows in these areas with 
windblown topsoil. With time and the return of badger activities to these sites, these 
areas will likely become progressively more productive as burrowing owl habitat. 
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Productivity. My estimated range of hatching and fledging dates were as much as 
three weeks later in the breeding season than those reported by Olenick ( 1990) in 
southeastern Idaho. although there is some overlap. This is likely the result of weather 
factors, as Olenick (1990) reported unusually mild spring weather during his research. 
My initial above-ground sightings of young occurred the first week of June, as also 
reported by Gleason (1978). Brood size range during my study was identical to Gleason· s 
( 1978) between one and seven chicks. 
Observed productivity during my study was significantly different between years 
(4.50 fledged chicks/confirmed pair in 1996, 0.95 in 1997), as was nesting success (80% 
and 38% respectively). Gleason ( 1978) reported no difference in productivity levels 
(observed average brood size including pairs nesting both on and off-site) between years 
with an average brood size of 3.5 young/pair over two years. Olenick's 1990 research of 
artificial burrows allowed access to the nest and calculation of actual nest success 
(Mayfield 196l,1975) from egg laying through fledging. He documented a two-fold 
increase between years with a reproductive success rate of 0.24 in 1986 and 0.57 in 1987 
and corresponding productivity levels of 2.29 and 5.58 chicks/breeding pair. respectively. 
Because neither I nor Gleason ( 1978) utilized the Mayfield method to calculate nesting 
success, our reported rates may be inflated. Olenick ( 1990) qualitatively compared the 
Mayfield method to traditional methods for calculating nesting success and found 
traditional methods reflected an "unrealistically high" rate. 
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Other studies involving measures of nest success and productivity have yielded 
varying results. In California, Thomsen' s (1971) first year reported nest success rate of 
88.8% of pairs declined during the second season of research to 33.3%, with 2.2 and 1.7 
young fledged per breeding adult. The length of the green season (specifically its 
assumed relationship to meadow vole and insect populations) and intraspecific factors 
were suggested as influences on reproductive success in that study. In Colorado, 
Plumpton ( 1992) found a relatively high and consistent annual nest success at 83% and 
87% during two years of study, with the corresponding number of fledged young/pair at 
4.54 and 4.29, respectively. Green (1983) reported lower rates of 57% and 50% nest 
success during his research in Oregon, with the majority of failures attributed to 
abandonment due to relatively close nearest neighbor distances. Butts ( 1969) reported a 
two-year combined nest success rate of 80% in Oklahoma. Apparently burrowing owl 
nest success rates and productivity levels may vary substantially between breeding 
seasons within and among regions. 
In Idaho, the detected higher nest success rate in the second year of Olenick's 
( 1990) study was attributed to higher prey densities, and the use of artificial nest burrows. 
Although Gleason ( 1978) did not find a difference in chicks produced between years. he 
did report a significantly higher productivity rate of pairs located near agricultural fields, 
and attributed the difference to higher rodent availability in these areas. Observed nest 
success rate in 1997 was much lower than in 1996. I did not monitor predator-prey 
densities on the INEEL to determine possible effects on burrowing owl population size 
and survival. 
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It is possible that environmental factors may have affected burrowing owl nestling 
survival rates at some sites the second year. Young chicks Jack the insulating properties 
of well developed feathers (Butts 1969, Landry 1979) and may be susceptible to cool 
and/or damp temperatures within burrows. During the first week of life, the chicks have a 
weak capacity for thermoregulation (Landry 1979). Coulombe ( 1971) reported that 
ambient temperatures were similar within burrows and above ground, but at 30 cm below 
the entrance burrow absolute humidity increased by 63%. This serves to prevent water 
loss in the dry, warm summer months, but it may be detrimental if prolonged wet 
conditions in early spring chill the young chicks. Soil moisture typically comes from 
melting snow and spring rains on the INEEL (Anderson et al. 1996). The 1997 spring 
season in southeastern Idaho was unusual due to the extremely high amount of mountain 
runoff. Flooded roads on the INEEL prevented vehicle access to four nests in an area 
located adjacent to agricultural fields. All but one of these nests failed: two were 
abandoned and one was predated. The combination of high runoff, humidity within 
burrows, and/or possible flooding of burrows may have affected chick survival at these 
sites. 
Seven nests were apparently predated in 1997, compared to one in 1996. Some of 
the burrows that appeared to have been predated may have actually been excavated after 
the chicks had died. Exact cause of failure is unknown. In Green's (1983) Oregon study, 
90% of the nests lost to predation were attributed to badgers. Freshly dug burrows in the 
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potential satellite burrow surveys around nest and reference sites indicated badgers were 
active within INEEL burrowing owl habitat. I observed badgers hunting in burrowing 
owl habitat on five occasions. and witnessed a badger enter an active owl burrow. Adults 
were observed entering and exiting the burrow and two chicks that had apparently hidden 
in the surrounding vegetation emerged while the badger was still in the burrow. No 
evidence of dead chicks was found at this site. It is unknown if the badger· s hunt was 
successful, but two chicks survived to fledging . Abandonments also increased in 1997 
for unknown reasons. Exposure to inclement weather, changes in prey densities . or 
predation may all have been factors . 
The shortest distance between neighboring pairs on the INEEL during Gleason's 
(1978) research was 100 m, with an average of 1 km. Nearest neighbor distances of owls 
nesting in badger burrows in Desmond and Savidge ' s (1996) study ranged from 57 .6-
587 .8 m. Green (1983) reported when nests were located less than 110 m apart at least 
one site would be abandoned, and speculated interspecific competition for food or 
interference may be influencing factors . During my research, I observed one incidence of 
cannibalism at one of the two closest documented nests, located 121 m apart. The 
proximity of the two nests may have been a factor 
Because much of the burrowing owl habitat on the !NEEL is grazed by domestic 
sheep. manure from livestock was available at the majority of nest sites . Martin ( 1973a) 
speculated manure used to line burrows serves to camouflage the scent of the owls , thus 
providing predator protection . Green (1983) tested this hypothesis in Oregon and found a 
significantly higher nest success rate of lined nests versus unlined nests . During my 
study. success rates at lined versus unlined burrows did not differ. The relatively small 
sample size of unlined burrows likely influenced these results . 
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Nest site selection factors. The unoccupied burrows selected as reference sites 
were similar to occupied nest sites. None of the burrow or vegetation characteristics were 
significantly different between nest and reference locations, and measured variables at 
satellites of active nests were not significantly different from reference or nest sites. 
Belthoff and King ( 1996) also found active and control burrows to be generally the same. 
attributing the similarity to their nonrandom sampling protocol of control burrows and 
overlap of sampling areas. They did detect one morphological difference between active 
and control burrows in that study: tunnel entrance angle. The angle was greater in 
control burrows, indicating a steeper entrance than active sites (Belthoff and King 1996). 
By selecting burrows at least 300 m apart, I assured that sampling areas would not 
overlap, but did not find any significant morphological differences. 
During my research. the only variable approaching significance was the nearest 
perch distance, yielding results similar to Plumpton and Lutz ( 1993): the nearest perch at 
nest sites was located further from the burrow than was the nearest perch at reference 
(control) sites. However. Plumpton and Lutz ( 1993) also found vegetation height at 
occupied burrows averaged < 8 cm. and perches were unnecessary with such short 
vegetation. I did not measure average vegetation height at nest and reference burrows, 
although visual obstruction readings and vertical density measurements were similar at 
nest and reference sites . 
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Plumpton and Lutz's ( 1993) comparison of nest and control burrows within 
Colorado prairie dog (Cynomys ludovicianus) towns showed the owls nested in burrows 
with shorter grass and forb height than was generally available and selected dog towns 
with greater burrow density. greater nearest perch distance, and higher percentage of bare 
ground. Green and Anthony ( 1989) found burrowing owls in Oregon preferred good 
horizontal visibility and little grass coverage, and tended to use elevated perches when the 
average surrounding vegetation height was > 5 cm. The birds selected nesting sites with 
higher perches. lower shrub cover and volume, more bare ground, less vertical density, 
and less grass coverage than unused sites. 
Live and dead big sagebrush perches were relatively abundant and scattered 
throughout most of the occupied bunowing owl habitats on the INEEL. It may actually 
be relatively difficult for an owl to find a suitable nest site without a perch located nearby. 
Most nest and reference burrows had perches located within 0-20 m from the bunow 
mound. However, the fact that none of the reference burrows. but three nest burrows. had 
perches located> 25 m away suggests that at least some owls may be selecting sites that 
do not have nearby perches. The grazed habitats occupied by the m<tjority of located 
burrowing owls may consist of vegetation cropped to a level low enough to allow a view 
of the surrounding area from the burrow mound, thereby causing nearby perches to be 
visually obstructing rather than visually enhancing features. 
Nest site selection factors among burrows within the same habitat patch may have 
more to do with the characteristics of the burrow underground - perhaps the size/presence 
of a nest chamber or dimensions of the tunnel beyond 60 cm. In choosing reference 
burrows. we did not determine whether the tunnel was open beyond what could be seen 
from the entrance: therefore. it is possible that some reference burrows were obstmcted 
further underground. 
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Unsuitable habitats. The majority of the INEEL is shmbland and these areas 
were excluded from burrowing owl surveys. I measured shrub intercepts and visual 
obstruction at selected big sagebrush and rabbitbrush dominated sites that I considered 
unsuitable burrowing owl habitat to compare with the literature and with the owl-
occupied areas on the site. Shmb intercept data showed unsuitable sites had considerably 
more shrub cover than nest and reference burrows ( 18% versus 2% and 3%, respectively). 
Rich ( l 984a) found burrowing owls avoided dense big sagebrush stands of 10-35% 
canopy coverage. VORs at INEEL unsuitable sites were much higher than utilized 
habitats as well. Therefore, these areas were justifiably excluded from burrowing owl 
surveys. 
SUMMARY 
Burrowing owls nested in roadside ditches. burned areas, grazed and ungrazed 
isolated grassland areas , and near INEEL facilities. Recent fires have created more 
potential habitat and these areas should be monitored for the presence of badger burrows 
and burrowing owls as these areas become vegetated and the soils stabilize. Known 
nesting areas should also continue to be monitored to obtain baseline data and contribute 
to determining the burrowing owl's status in Idaho. 
Comparison of my study results with Gleason's (1978) revealed a higher number 
of burrowing owls utilizing the INEEL in 1996 and 1997. This may due to differences in 
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sampling methods. A direct comparison of the 1970s and 1990s population data was not 
possible. As in the 1970s, a principle limiting factor on the INEEL population was likely 
the availability of nesting burrows; densities were found to be relatively low in both 
utilized and potential burrowing owl habitats. I speculate predation and weather factors 
may in some years have severe impacts on INEEL burrowing owl productivity levels. 
Attempts to determine potential nest site selection factors by comparing known 
nest sites to reference sites within similar habitats were largely unsuccessful. Burrow 
measurements. vegetation characteristics, and surrounding burrow availability were not 
significantly different between nest and reference burrows. Nearest available perch 
distance was the only variable that approached significance; the owls may select nest sites 
in suitable habitats with relatively distant perches. Additional unknown factors - perhaps 
underground characteristics of the burrow - may influence nest selection . 
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CHAPTER3 
SURVEY OF SMALL ARBOREAL OWLS OF THE I NEEL 
INTRODUCTION 
With the passage of the Endangered Species Act in 1973, considerable nationwide 
efforts by private. state. and federal agencies have been directed toward the conservation 
and preservation of threatened and endangered plant and animal species. Among owls, 
the most notable species listed under the Endangered Species Act has been the northern 
spotted owl (Strix occidentalis). but there are several other species with low or declining 
populations. Sensitive species and Species of Concern arc those experiencing significant 
current or predicted downward trends in population size and/or declining habitat which 
could lead to their listing as threatened or endangered in the foreseeable future (Howard 
et al. 1976). Arboreal owl species in Idaho that fit into these categories are the 
flammulated owl, northern pygmy owl. and boreal owl (Table 11 ). 
Establishment of the Idaho National Engineering and Environmental Laboratory 
(INEEL) in southeastern Idaho resulted in the creation of the largest protected reserve 
within the sagebrush-steppe ecosystem (Anderson et al. 1996) and an outdoor laboratory 
for ecological research of high desert flora and fauna, including several species of owls. 
Use of the INEEL by Sensitive Species and Species of Concern is of importance to the 
Department of Energy (DOE) for keeping in accordance with standards set by the 
National Environmental Policy Act (NEPA) of 1969. 
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Since its 1975 designation as a National Environmental Research Park (NERP), 
several studies on owls, or owls and other raptors, have been conducted on the INEEL 
(Craig 1977. Craig and Trost 1979. Craig et al. 1979, Gleason and Craig 1979. Gleason 
1978, Gleason and Johnson 1985, Craig et al. 1985, Hansen 1994). The nocturnal and 
elusive behavior of most owls makes research on this group of birds difficult. Standard 
avian survey techniques. i.e .. roadside surveys, walking transects. and point counts are 
often inefficient and time consuming when applied to owls. During the past three 
decades, the playback method of broadcasting calls to elicit responses from elusive 
species, in addition to other technologically advanced techniques such as betalights and 
radiotelemetry. have successfully been applied to owl research and expanded the database 
of owl ecology literature (Forbes and Warner 1974. Nowicki 1974, Beatty 1977, Springer 
1978, Smith 1980. Lynch and Smith 1984, McGarigal and Fraser 1985. Palmer and 
Rawinski 1986, Hayward 1987. Smith 1987, Craig et al. 1988. Ritchison et al. 1988. 
Morrell et al. 1991, Gerhardt 1991, Lundsten 1993, Shepard 1995. Proudfoot and Beasom 
1996, and others). 
Hansen (l 994) conducted a study primarily on large hawks of the INEEL but 
included information on owl species occurrence. Playback surveys in juniper. big 
sagebrush, grassland. and riverside habitats on the site revealed the presence of eight owl 
species (Hansen 1994 ). Four of these had previously been documented species on the 
INEEL: long-eared owl, short-eared owl, great horned owl. and burrowing owl. In 
addition. four species not previously documented live on the INEEL were reported: the 
boreal owl, northern saw-whet owl, western screech owl, and flammulated owl (Hansen 
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1994). Hansen ( 1994) did not record any response calls of any of the new small owl 
species on tape, nor did he obtain photographs of the three flammulated owls he observed 
on the INEEL in late winter and early spring of 1992 and 1993. 
Objectives. This research had two primary objectives: I) to identify winter and 
spring occurrence of small owls species and obtain baseline data for use in long term 
population analyses, and 2) to document the presence on the INEEL of small owl species 
including flammulated , western screech, boreal, and northern saw-whet owls. as well as 
northern pygmy owls which utilize forested habitats near the INEEL (C. Trost, Idaho 
State University, pers. commun.). 
METHODS 
Night-long playback surveys for small arboreal owl species were conducted from 
March through May in 1996, and March through April in 1997. I used two survey routes 
established by Hansen ( 1994, page 42) . one in the foothills of the Lemhi range and one 
between the Twin Buttes. These were the most extensive areas of juniper woodlands on 
the INEEL and the most likely habitats to harbor arboreal owl species. A large fire in 
I 996 partially burned the juniper woodlands of the Twin Buttes route: therefore. an 
alternative route between the buttes on T-4 was surveyed in I 997. Attempts were made 
to survey these routes weekly for flammulated, northern pygmy, boreal, northern saw-
whet. western screech, and long-eared owls. More frequent surveys may have resulted in 
habituation by individuals to playback and a consequently lower response rate (Smith 
I 980. Smith ct al. 1987). 
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In an effort to confinn Hansen's (1994) observations, calls played during night-
long surveys in 1996 included the flammulated, the northern saw-whet. the western 
screech. and the long-eared owl. plus the call of the northern pygmy owl. In 1997. the 
call of the flammulated owl was removed from the survey tape, and the call of the boreal 
owl was added. The pygmy owl call was played separately along the established routes 
during crepuscular and daylight hours. 
Night-long surveys began approximately one hour after sunset and continued until 
about one hour before sunrise. Stops along each route were located 0.8 km apart and the 
sequence of stops along each route was reversed each time an area was surveyed to 
reduce a time of night bias associated with sequence of stops. Surveys were not 
conducted when winds exceeded 15 km/hr or during precipitation. Twelve night-long 
surveys were conducted in 1996. eight in 1997. 
Surveys at each station began with an initial listening period of five minutes to 
detect any species that might call independent of my broadcasts. The primary call of the 
male of each species was recorded on audio tape (Peterson Field Guides, Western Bird 
Songs®). A portable cassette tape player (Panasonic® RX-FS470) was used to broadcast 
the call of the smallest species first, followed by progressively larger species to prevent 
intimidation and suppression of the smaller owls as potential prey of the large species 
(Holt and Hillis 1987). The broadcast protocol consisted of five minutes of brief periods 
of calls from a single species alternating with brief silent periods. This was followed by a 
five minute listening period. The process was then repeated for the remaining species. 
Broadcast volume was the maximum for the cassette player. ranging from 82-95 dB. The 
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intention was for the calls to be audible at least 0.4 km away in order to ensure adequate 
coverage between stops along the route. 
In addition to night-long surveys, nine half-night surveys from one hour after 
sunset unti I between the hours of 2400-0200 MST were conducted at other sites on an 
opportunistic basis to detect small owls moving through the area. Only one of these was 
conducted in 1996 (April); the remainder were conducted in I 997 (Febmary and March) . 
Half-night surveys were not conducted when winds exceeded 15 km/hr or during 
precipitation . Calls of western screech, northern saw-whet, nammulated, and boreal owls 
were broadcast in juniper habitats and along the Big Lost River riparian area. Long-eared 
owls were often detected during night-long surveys and separate research hypotheses 
were tested on the calling data obtained from this species (Chapter 4), but the sole 
purpose of half-night surveys was the detection of small owls. disregarding long-eared 
vocalizations. Therefore, half-night broadcast protocol differed from night-long protocol. 
The playback period of alternating calls and silence during half-night surveys lasted 
between three and five minutes. consisting of six calling bouts. followed by only one to 
two minutes of listening between species broadcasts. The same protocol was followed 
for the crepuscular pygmy owl surveys in 1997. 
RESULTS 
Completion of night-long and half-night surveys resulted in official 
documentation of only one of the four small owl species reported by Hansen ( 1994), the 
northern saw-whet owl . On 25 February 1997. 2005 MST at the base of the eastern side 
of Middle Butte. a male saw-whet responded to playback with both the primary and a 
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secondary call of the species for at least ten minutes. I obtained a tape recording of the 
individual, and observed the owl briefly as it flew by. Saw-whet owls were also heard on 
the Lemhi route on two separate occasions, but were not recorded on cassette tape . The 
first was a brief vocalization, similar to the secondary call uttered by the recorded saw-
whet, uttered on 29 March 1997, at 2300 hrs .. but the bird would not repeat the call to 
allow tape recording. The second instance was of the primary call of a saw-whet on 12 
April at 0345 hrs. but the call was too distant and faint to obtain a recording. 
Two other instances of vocalizations of small owl species occurred that were not 
captured on cassette tape . One boreal owl was heard on the Lemhi route on 4 April 
1996, at 0154 hrs ; the bird uttered the primary call once during broadcast of the 
flammulated owl call, but did not call again , even in response to broadcast of a boreal owl 
recording. A similar instance occurred on 28 February 1997. with what I suspect was a 
western screech owl, though the vocalization was not loud nor definitive and I cannot 
confirm the species identity. The abbreviated call was heard in response to playback of 
the western screech owl, and it sounded similar - despite its short duration - to the 
broadcast. Again , the bird would not respond to repeated screech owl broadcast. and [ 
was unable to record it. Official documentation of the boreal and western screech owl is 
still lacking. 
DISCUSSION 
The saw-whet owl was the only small owl species reported by Hansen ( 1992) 
confiimed to occur on the lNEEL during this study. This species was probably the most 
likely small owl to utilize the site. Saw-whet owls are not as restrictive in habitat and 
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elevational requirements as some other small owl species, and although many individuals 
migrate. some saw-whet owls remain in northern areas during the winter months 
(Cannings 1993). A critical feature of the wide variety of habitat types that saw-whet 
owls occupy is dense cover (Cannings 1993). Juniper woodlands on the INEEL seem to 
provide good winter cover. Additionally, other studies have documented saw-whet owls 
within sagebrush-steppe habitat, often utilizing nest boxes (Grove 1985, Marks et al. 
1989). Saw-whet owls may even nest on the INEEL. Potential nesting cavities in INEEL 
juniper woodlands exist in the form of northern flicker (Colaptes auratus) cavities. The 
bird recorded in February 1997, gave the advertising song of the species which is used 
primarily for mate attraction (Cannings 1993). Johnsgard ( 1988) reports saw-whet owls 
are vocally active for only a short period of time and remain almost mute throughout the 
fall and winter during migration or on wintering grounds. The birds are considered to be 
extremely vocal during the early breeding season beginning as early as January, although 
the males call more softly and less frequently after pair formation (Palmer 1987). The 
saw-whet I recorded was responsive to playback. repeatedly vocalizing the primary song 
and a secondary call for over ten minutes. I also detected other saw-whet vocalizations in 
March and April. These aural detections well into the breeding season further support the 
idea that saw-whet owls may breed on the !NEEL. Nest searches in older juniper 
woodland sites may substantiate this. 
Although the boreal owl remains unverified on the !NEEL, individuals detected 
during this research and Hansen's ( 1994) study indicate boreal owls occur on the site. 
Whelton (1989) detected boreal owls in Washington and Oregon in all seasons. indicating 
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the birds do not migrate, although they do exhibit seasonal movements, likely related to 
deep snow and winter prey scarcity (Hayward et al. 1987). In Idaho and Montana, 75% of 
breeding locations have been found above 1,580 m (Hayward and Hayward 1993). The 
average INEEL elevation is approximately 1,500 m (Anderson et al. 1996). but Big 
Southern Butte lies just outside the southern border of the site and reaches an elevation of 
about 2,300 m (Anderson et al. 1996). Because INEEL juniper woodlands do not 
resemble the subalpine forests most often utilized by boreal owls in the west (Hayward 
and Hayward 1993), it is unlikely that boreal owls nest in these areas on the site. 
However, they may nest at higher elevations in mountainous habitats adjacent to the site 
and utilize portions of the INEEL during the non breeding season. Powers et al. ( 1994) 
reported a November occurrence of a boreal owl in the sagebrush-steppe of southwestern 
Idaho. an area dominated by open agricultural fields, and suggest more study of 
movements of each species outside their typical breeding areas is warranted. Winter 
surveys at lower elevations would better document their occurrence in nontraditional 
winter habitats (Powers et al. 1994). 
Like the boreal owl, the presence of the western screech owl could not be verified 
during this study. The species was reported by Hansen (1994) and I also detected a 
vocalization in response to the screech owl playback that I believe was a screech owl. In 
the west these birds have been associated mainly with deciduous riparian habitat 
(Johnson et al. 1979, Hayward and Garton 1988, Holt and Hillis 1987), although they 
have been known to utilize juniper habitat next to dry arroyos (Johnsgard 1988). 
Riparian habitat on the INEEL is limited mainly to the Big Lost River where generally 
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sparse arboreal vegetation exists in the form of junipers and cottonwoods, many of which 
are in decline (see Chapter 4). No western screech owls were detected during February 
half-night surveys along the Big Lost River. However. surveys in this area during March 
and April to detect possible breeding birds. or surveys in juniper woodlands during early 
winter months. may prove useful in documenting the presence of the species on the site. 
Night-long and crepuscular surveys did not reveal the presence of the pygmy owl 
on the INEEL. The species may be found in mountainous habitats adjacent to the INEEL. 
and there are reports of pygmy owls utilizing lower elevations during the nonbreeding 
season (Webb 1982). Pygmy owls apparently utilize a wide range of woodland and forest 
habitats (Johnsgard 1988, Bull et al. 1987, Norton and Holt 1982) and the species has 
been documented in pinyon-juniper woodland habitats (Webb 1982); therefore, the 
possibility exists that the owls would utilize junipers on the INEEL. The northern pygmy 
owl is widely distributed in western North America. Aspects of the biology and ecology 
of this species are among the least known of all North American Owls (Holt et al. 1990). 
More frequent crepuscular surveys during winter months may prove useful in detecting 
this species on the site. 
The aural and visual observations of flammulated owls within juniper habitats on 
the IN EEL as early as February were the most surprising of Hansen · s ( 1994) reports . No 
flammulated owls were detected during this study, but other studies support the 
possibility migrating birds could utilize juniper woodland habitat on the !NEEL. 
Breeding habitats are typically dry montane forests with brushy understories (McCallum 
1994 ); however. the owls will occupy other habitats during migration . Balda et al. ( 1975) 
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captured flammulated owls during April and May in Arizona and New Mexico in habitat 
containing juniper trees in addition to various other shrubs. pines. and hardwood species. 
McCall um et al. ( 1995) also reported flammulatecl owls in juniper habitats. Numerous 
records of flammulated owls in lowland areas between August and November suggest 
that the species utilizes relatively low-elevation areas. at least when crossing gaps 
between mountain ranges (McCallum 1994). 
Unfortunately. virtually nothing is known about the range, habitat. or diet of 
tlammulated owls in winter (McCallum 1994). Because flammulated owls are considered 
insectivorous and migratory. they are not assumed to enter the continental United States 
before March, nor reach typical breeding habitat in sites as far north as Idaho prior to 
April or May (Phillips 1942, Balda et al. 1975. Winter 1979, Collins et al. 1986, Hayward 
and Garton 1988. Bull et al. 1990, Powers et al. 1996). However, unusual records of 
tlammulated owls in northern latitudes between October and April do exist. Several 
authors suggest cautionary measures be taken in interpretation of reported evidence that 
implies the birds can survive on breeding grounds during the cold months (i.e., winter 
specimens. observations of the owls hunting passerines at birdfeeders. or sightings of 
owls with voles in their talons) and question the authenticity of such reports (Banks I 964, 
Linkhart and Reynolds I 994, McCall um 1996). Others believe the evidence is substantial 
enough to reexamine what is cun-ently accepted as fact concerning the species' 
capabilities and supposed migratory status, suggesting further research is necessary before 
ruling out the possibility of flammulated owls remaining in northern areas in winter 
(Johnson 1963, Collins et al. 1986. Holt 1996). 
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Examination of the cassette tape that Hansen (1994) broadcast to elicit calls of 
the flammulated owl and long-cared owl provided an explanation for his unusual aural 
documentations. The tape contained a recording of the advertising song of the 
flammulated owl, but instead of the primary call of the long-eared owl. a secondary call 
of the species was on the tape. In the field. the similarity between advertising calls of 
these two species of owls can make discrimination difficult (McCallum 1994). Hansen 
(1994) was unaware of this similarity and assumed that the low, single syllable hoots 
heard were flammulated owls when they were probably long-eared owls. This is further 
supported by the relatively high reported numbers of flammulated owls, but low numbers 
of long-eared owls (Hansen 1994), which are more common on the INEEL. Additionally, 
current literature reports the active calling times as February-May for long-eared owls 
(Marks et al. 1994), while flammulated owls are not usually heard until April or May 
(McCallum 1994, Powers et al. 1996). The confusion of calls likely discounts most of 
Hansen's ( 1994) flammulated owl records. However, he did observe flammulated owls 
on three occasions on the !NEEL: 27 February 1992, 27 April 1993. and 2 May 1993. 
and he remains firm on these identifications (R. Hansen, New Mexico Department of 
Game and Fish, pers. commun.). Based on my efforts to confirm tlammulated owls on 
the !NEEL, his observations must be classified as extremely rare and may represent 
unusual environmental conditions. 
SUMMARY 
Of the targeted small owl species, the saw-whet owl. borcal owl, and an individual 
that was likely a western screech owl were all detected during this research. However, 
confirming evidence (tape recording) was obtained only for the saw-whet owl. The 
controversial presence of the flammulated owl could neither be confirmed nor denied, 





LONG-EARED OWL RESPONSES TO PLAYBACK SURVEYS ON THE INEEL 
INTRODUCTION 
The playback method (the broadcast of tape recorded calls) has been widely 
utilized for owl research in recent decades. The method has enabled scientists to 
determine aspects of owl ecology formerly difficult to determine such as social behaviors, 
population densities, territory sizes, and habitat use (Marion et al. 1981, Johnson et al. 
1981 ). Additionally, variations in annual. seasonal, and nightly patterns of calling by 
different species may be obtained. and aural reactions to environmental variables such as 
wind, temperature. precipitation. and light levels may be studied. The infonnation 
gathered from playback surveys inevitably increases the efficiency of future playback 
surveys, by identifying optimal conditions in which to detect owls. 
Research to determine the effects of several variables on owl vocalizations has 
been performed on many owl species (Nero et al. 1987, Ritchison et al. 1988, Gerhardt 
1991, Morrell et al. 1991 and others); however, this type of data is lacking for the long-
eared owl. The long-eared owl is one of several owl species that breed on the INEEL. It 
was the most common species heard during night-long playback surveys. The 
opportunity arose to analyze long-eared owl calling in response to several factors due not 
only to environmental, nightly, and seasonal variations, but also variations within the 
playback itself. 
O/~jectives. This research involved two objectives: I) to evaluate differences in 
frequency of long-eared owl calls over the course of the night in relation to several 
recorded factors. and 2) to evaluate differences in long-eared owl calling frequencies as 
related to broadcast of conspecific calls. calls of other species. and silent periods. 
Research hypotheses were: a) owl calling frequencies were related to season, time of 
night. lunar phase , or weather factors. and b) long-eared owls responded with greater 




Night-long surveys were conducted in late winter and spring of 1996 and 1997, as 
described in Chapter 3 . Data recorded at each station during night-long surveys included 
the start time of each interval. the number of individuals vocalizing during each interval. 
and the time individuals were first heard within each interval. Intervals are defined as ten 
minute periods that included five minutes during broadcast of a species and a subsequent 
five minute wait until broadcast of the next species. The initial five minute wait period. 
conducted upon arrival at each station and prior to any broadcast. was also included as a 
separate interval. 
Efforts were made to avoid double-counting the total number of birds heard 
during a survey by identifying each owl based on its calling location. Individual birds 
were often heard from more than one station along the survey route. but their 
vocalizations (calling frequencies) were recorded at all stations at which I could hear 
them. 
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Calling frequency was the number of individuals heard within a specified time 
period. For the purpose of separate analysis and discussion, these time periods were: a) 
playback intervals (for the purpose of comparing long-eared owl responses during silence. 
small owl broadcasts. and conspecific broadcasts). b) entire playback sessions at 
individual stations (for the purpose of comparing responses at separate stations in relation 
to environmental variables). and c) entire night-long surveys (for the purpose of 
comparing responses in relation to Julian date). For example, during a single night I may 
have detected only three vocalizing individuals (identified based on their location). 
However, the birds may have vocalized during different playback intervals during each 
broadcast session (silent, conspecific. and other species intervals) . The number of 
individuals detected during each playback interval were summed to obtain station 
frequencies. and station frequencies were analyzed in relation to environmental variables . 
Finally, the station frequencies were summed to obtain night-long calling frequencies 
which were analyzed in relation to Julian date. 
Environmental variables recorded at each station during surveys included the 
Julian date, approximate percent cloud cover (0-25. 25-50, 50-75, or 75-100%), and 
presence or absence of moonlight. Percentage of the moon's disk (if present) illuminated 
during surveys was later obtained from the U.S. Naval Observatory Internet site 
(http://www.usno.navy.mil). The average hourly temperature (°C) was obtained from the 
INEEL weather forecasting office as recorded from tower locations near the established 
routes (Neil Hukari , National Oceanic and Atmospheric Administration, Idaho Falls. 
Idaho. pers. commun.). 
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Data analysis. Due to a dramatic decline in the number of long-eared owls 
detected during the second field season, as well as changes in survey protocol, 1997 data 
was excluded from analysis of calling frequencies in relation to environmental variables . 
Stepwise logistic regression was used to determine the influences of the Julian date. time 
of night. temperature. percent cloudcover, presence or absence of moonlight. and percent 
illumination of the moon's disk (the independent variables) on long-eared owl calling 
frequencies (the dependent variable) at each station of 1996 night-long surveys only (SAS 
Institute Inc . 1989). In order to simplify the logistic equation. long-eared owl calling 
frequencies were grouped into binomial categories of zero (no calling) , or one (calling by 
one or more birds at a station). Chi square analysis was utilized to determine between-
year differences in long-eared owl calling frequencies during silent intervals, other 
species broadcasts. and conspecific broadcasts. 
RESULTS 
Calling period. The first 1996 aural survey was conducted 19 March (Julian elate 
79): two Jong-eared owls were detected . As surveys continued, the number of detected 
individuals increased, as did their night-long calling frequencies . Night-long calling 
frequency peaked al 22 on 31 March (Julian date 91 ). when a minimum of five individual 
owls were heard. The birds were vocally active all night and seemingly very mobile. As 
many as nine individuals may have actually been present that evening. A minimum of 
seven individual Jong-eared owls were detected on 9 April 1996 (Julian date I 00) at a 
night-long calling frequency of 20. By the time the next survey could be completed on 21 
April (Julian date 112). calling had diminished drastically and only one individual was 
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detected. Throughout the remainder of April and through May, a maximum of one long-
eared owl was detected per survey. 
The first I 997 survey was conducted 11 March (Julian date 70), and again two 
long-eared owls were detected. However, no more than two individuals were heard 
during any of the subsequent 1997 surveys, and night-long calling frequency peaked at 
only five (7 April: Julian date 97) (Fig. 5). Two birds were heard on 12 April (Julian date 
I 02), but no more were heard through the month of April (Fig. 6). 
Calling frequency in relation to recorded variables. Among the independent 
variables included in logistic regression analysis, only the Julian date of each survey 
significantly affected long-eared owl calling frequencies. Examination of the data 
revealed Julian dates of the night-long surveys could be grouped into two categories: 
prior to. and after Julian date 100 (9 April) represented by a dummy variable, X. Long-
eared owl calling frequencies declined significantly on surveys performed after 9 April; 
the majority of frequency data was obtained prior to this date. The variable JdateX was 
included as the interaction between Julian date and the dummy variable, Jdate2 was 
entered as the quadratic fonn of Julian date, and Jdate2X represented the interaction 
between the quadratic form of Julian date and the dummy variable. We utilized a 
quadratic equation because the relationship between calling frequency and Julian date 
prior to 100 appeared curvilinear. Jdate2X was the only significant variable in the logistic 
model. Because this higher ordered variable was significant. the lower ordered variables 
Jclatc2• JdateX, X. and Jdate were also included in the model. The odds ratio on the 
dummy variable was 999.00. indicating that long-eared owl calls were nearly 1000 times 
more likely to be heard prior to Julian date 100 than after this date . The number of 
concordant pairs was 90%, with 6.7% and 3.2% discordant and tied pairs, respectively. 
indicating a relatively good model. Other indicators of the strength of the model: 
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Somer's D (0.805), Gamma (0.929), and Tau-a (0.406) . The resulting logistic equation is 
as follows: 
Log [P(O)+P( I)) = -53.2677 + 0.8216 x Jdate + 110.6 x X - 2.0308 x Jdate x X - 0.003 x Jdalei + 0.009 x Jdate' x X 
The probability of detecting one or more owls. or detecting no owls during a given 
night may be calculated utilizing equations in Chapter 8 of Johnson ( 1998). 
Calling frequency in relation to intervals. The initial listening period at the start 
of each broadcast session lasted only five minutes. Long-eared owl calling frequencies 
during this quiet interval could not be directly compared with those during the ten minute 
long-eared owl broadcast intervals. However, 84% and 54% of the owls detected during 
conspecific playback in 1996 and 1997, respectively, were documented within five 
minutes of starting the broadcast (Table 12). Therefore, the frequencies during 
conspecific broadcasts were made comparable to the silent periods by multiplying the 
interval calling frequencies within the different years by their respective percentages. 
Chi-square analysis revealed no significant difference (X2 =0.011. I df, P > 0.90) 
between years in long-eared owl frequencies during initial five minute listening intervals 
(no playback) versus the corrected conspecific intervals. The 1996 frequencies were 
similar between silent and conspecific intervals (32 and 35 respectively), as were the 
1997 frequencies (6 and 7 respectively). 
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However, comparison between years of long-eared owl calling frequencies during 
other species playback versus conspecific playback (for which no corrections were 
necessary because interval lengths were comparable) showed a significantly higher (X2 = 
9.18. l elf. P < 0.001) proportion of long-eared owls vocalized during the long-eared owl 
intervals than during other species intervals in 1997. The 1996 frequencies during 
conspecific intervals and the other species intervals were similar (42 and 43 respectively). 
but the 1997 interval frequencies differed by 12 ( 13 and 1 respectively) . 
Long-eared owls detected during other species broadcasts responded only slightly 
later than they did during conspecific playbacks. Seventy-five percent and 50% of the 
long-eared owls detected during other species broadcasts in 1996 and 1997. respectively. 
were detected within the first five minutes of beginning playback (versus 84% and 54%. 
respectively. during long-eared owl broadcasts) . By eight minutes of broadcast. the 
percentage of owls detected during other species intervals and conspecific intervals were 
equal at 97% in 1996 and nearly equal at 77% (conspecific) and 75% (other species) in 
1997 (Table 12). 
DISCUSSION 
Calling period. Mid-March through early-April was the most active calling 
period for the long-eared owl. This was detennined by both personal observation and the 
appearance of Julian date as the only significant variable in logistic regression analysis. 
The fact that none of the other variables appeared to have an effect on long-eared owl 
calling may he a result of the low number of surveys (20) I was able to conduct. There 
were only two routes on the study area. and sequential surveys on a given route were 
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separated by a minimum of one week, limiting the number of surveys that could be done. 
Additionally, surveys were not conducted when high winds restricted observer hearing 
capabilities, which was a frequent occurrence on the INEEL during early spring. Had 
more surveys been performed within the short window of time in which the birds were 
calling. influences of other variables may have been detected. 
Calling frequency in relation to recorded variables. Analysis of environmental 
effects on calling can be difficult as several variables may be intercorrelated with the time 
of year. habitat, and time of night (Palmer 1987). Other studies have shown varying 
effects of season, time of night, temperature, cloudcover, and lunar phase on owl calling. 
depending on the species in question (Palmer 1987, Smith et al. 1987, Carpenter 1987, 
Gerhardt 1991, Morre! et al. 1991, Ritchison ct al. 1988, Pardieck et al. 1996). Calling 
frequency generally decreases during high winds and/or precipitation, or perhaps observer 
ability to hear the birds is decreased, resulting in fewer birds detected. I attempted to 
eliminate these factors by only surveying on relatively calm. dry nights. However, my 
data indicates the main factor dictating the calling of long-eared owls is the time of year; 
the likely component driving this is day length. Palmer (1987) found that day length 
influences the onset of boreal owl calling in Colorado. 
Calling frequency in relation to intervals. Long-eared owls vocalized slightly 
earlier during the broadcast of conspecific calls than during other species broadcasts in 
both 1996 and 1997 (Table 12). However. they generally called later within both 
conspecific and other species intervals during the 1997 season when the number of 
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detected owls was relatively low. Sample sizes were not equal, and these numbers should 
be taken into consideration when comparing between intervals and between years. 
Conspecific playback did not appear to increase long-eared owl calling 
frequencies over non-broadcast intervals. The owls apparently called with equal 
frequency whether I listened silently or broadcast their calls in both 1996 and 1997. The 
significantly fewer birds detected in the second field season had no effect on this 
comparison. A possible complicating factor in these results is the broadcast protocol at 
each station . The long-eared owl interval was the last broadcast at each station and the 
initial five minute listening period was the first interval at each station . Minimum time 
between stations was approximately 15 minutes. It is possible, at least on some 
occasions, that owls detected during the initial five minute interval at a given station may 
actually have been incited by the long-eared playback at the previous station . 
A comparison between years of vocalizations by long-eared owls during the 
playback of other species versus during conspecific broadcasts revealed a significant 
difference between years. In 1996. the broadcast species made no difference in detected 
vocalizations of long-eared owls, but in 1997. a greater proportion of long-eared owls 
vocalized during conspecific broadcasts than during broadcasts of other species. The 
higher number of owls present in 1996 may partially explain this between-year difference. 
When many other natural calls were being produced. the owls apparently responded to 
each other as much as, if not more than. my broadcasts. However. when relatively few 
natural calls were being produced, my broadcasts seemed to have an effect. Either 
conspecific broadcasts enhanced owl detections. or other species playbacks inhibited 
detections. 
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The decline in the number of long-eared owls detected in the second field season 
may have partly been the result of fires during the summer of 1996. An estimated 14.937 
ha of the INEEL burned that season (Randy Lee, Lockheed Martin Technologies 
Company. Idaho Falls. Idaho. pers. commun). including a portion of the Twin Buttes 
route and nearby big sagebrush habitat. Thus. potential long-eared owl nesting and 
hunting areas were devoid of vegetation at the onset of the 1997 breeding season. 
affecting the suitability of this area as breeding habitat. For unknown reasons. however. a 
decline also occurred along the Lemhi route, at the northwestern edge of the site. where 
there had been no fire damage. In 1975 and 1976, Craig (1977) documented a rise from 3 
to 16. in the number of long-eared owls nesting along a 25 km stretch of the Big Lost 
River (see Chapter 4). The difference was attributed to weather and small mammal 
densities. Long-eared owl populations have been linked to vole densities in Europe 
(Korpimaki and Norrdahl 1991, Korpimaki 1992, Village 1981 ). although this has not 
been well documented in the United States (Marks et al. 1994). Examination of current 
factors affecting long-eared owl densities on the INEEL would be useful in determining 
the cause of annual fluctuations. 
SU\IMARY 
The following points emerged from this research: I) the majority of long-eared 
owl calling activity was documented during mid March and early April of both years. 2) 
ten minute intervals of broadcast and listening appeared to be sufficient for detecting the 
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majority of calling long-eared owls, 3) the Julian date was the most significant recorded 
factor influencing calling frequency, 4) the number of spontaneous, natural calls was 
likely an influencing factor in detections during various intervals (calling frequency 
seemed to be inhibited by other species broadcasts when the long-eared owl population 
was low) , and 5) more survey data on long-eared owl calling frequencies would be 
helpful in determining the effect of environmental factors. 
CHAPTERS 
NUMBER OF LONG-EARED OWI,S NESTING ADJACENT TO THE 
BIG LOST RIVER ON THE INEEL, 1996-1997, 
COMPARED WITH 1975-1976 DATA 
INTRODUCTION 
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Long-eared owls arc found throughout much of the Americas and Eurasia. They 
typically inhabit open forests or dense vegetation adjacent to open grassland or shrubland 
areas (Marks et al. 1994). A tree-nesting species. long-eared owls often utilize 
abandoned stick nests of other birds (Marks et al. 1994 ). On the Idaho National 
Engineering and Environmental Laboratory (!NEEL). long-eared owls usually nested in 
abandoned nests of black-billed magpies (Pica pica) (Craig 1977). Natural arboreal 
habitat available for long-eared owls of the INEEL is limited to junipers and narrow-
leaved cottonwoods growing along the Big Lost River. the main waterway of the site. and 
patches of juniper woodlands in other areas of the INEEL. 
In 1975 and l 976. Craig (l 977) conducted a raptor study on the INEEL which 
included the nesting ecology of long-eared owls along a 25 km stretch of the Big Lost 
River. Number of nesting pairs, nesting chronology. average clutch size, average brood 
size. and food habits were documented. My objective was to record the number of long-
eared owls nesting along the same stretch of the Big Lost River in 1996 and 1997 and 
compare my findings with Craig's ( l 977) data to detennine if changes in numbers of 




The 25 km stretch of river searched for Jong-eared owl nests extended from 
approximately 8 km south of Highway 20/26, north across Highway 20/26, to just 
downstream of where the Big Lost River crosses Lincoln Boulevard on the INEEL for the 
second time (see Craig 1977). The majority of sites were accessed by vehicle; some areas 
required hiking. Because adults often remained on the nest even when observers 
approached, stick nests on both sides of the river were checked by climbing trees and 
looking directly into the nest bowl whenever possible. In Idaho. long-eared owl breeding 
season activities peak in February and March (Marks et al. 1994). The egg-laying period 
in southeastern Idaho extends from late March through early May (Craig 1977) and the 
fledging season may extend into July (personal observation). Craig surveyed during 
March-April and May-June of 1975 and 1976. 1 surveyed 9 July-18 July in 1996, 
relatively late in the breeding season, and 28 May-5 June 1997. These nest searches were 
not initially planned as part of this research, thus the late timing of the l 996 survey. 
In addition to documented nests, the number of potential nest sites were also 
recorded. These were defined as apparently suitable magpie nesting structures. 
Suitability was determined by: a) accessibility (an opening) to the nest bowl allowing 
adult entrance, b) some type of overhead cover in the form of either vegetation or a roof 
on the nest itself (Craig and Trost 1979), c) presence of a nest bowl. and d) general 
stability of the entire structure. Apparent suitability was subject to observer bias. and 
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long-eared owls have been known to nest atop existing magpie or crow nests and on cliffs 
(Craig 1977, Marks 1986). During the 1997 survey, apparently unsuitable nest sites were 
recorded as well as apparently suitable nest sites. Unsuitable sites were those nests that 
had no form of overhead cover, were unstable, unaccessible. or had no nest bowl. 
RESULTS 
In spite of the late survey. three long-eared owl nests were found in 1996. In 
addition, there were two sites at which agitated adult pairs were flushed indicating the 
likely presence of fledged chicks nearby. The three active nests were occupied by 
hatched young of varying ages. One nest contained five young chicks, all downy white, 
the smallest of which could barely lift its head. Another nest contained four older chicks, 
covered with gray down, larger and more alert than the nestlings just described. The 
remaining nest contained at least four large gray chicks. likely near branching age (21 
days) (Marks et al. 1994), that were all alert and performing threat displays . Two of the 
three active nests were located south of Highway 20/26, the remaining nest was located 
within the boundaries of the INEEL artillery range. just north of Highway 20/26. The 
presence of whitewash (feces), pellets, and/or feathers similar to that observed at active 
long-eared owl nests suggests eight magpie nests were utilized by long-eared owls earlier 
in the season. Thirty-five additional empty magpie nests seemed suitable for long-eared 
owl nesting, but had no evidence of owl use. 
Eleven active Jong-eared owl nests were found in 1997. The survey was 
performed early enough in the breeding season to find eggs at some sites . One of two 
eggs in a clutch was found hatching on 6 June. Ages of nestlings varied to the same 
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extent as described for 1996 - some nests contained young downy chicks, other nests 
contained chicks old enough to branch and perform threat displays. Only one unoccupied 
site was found with evidence of prior use. This nest contained eggshells of size and 
shape similar to long-eared owl eggs and had apparently been predated. Twenty-one nest 
sites were judged as unsuitable for long-eared owl occupation. and 49 sites were judged 
apparently suitable. As in the 1996 season. the majority of active nests were found south 
of Highway 20/26, and the only nest north of this highway was the same site within the 
boundaries of the artillery range that had been occupied in 1996. 
DISCUSSION 
My 1996 survey. performed late in the breeding season, revealed three active 
nests. The young long-eared owl broods discovered in late July, 1996, were likely 
renesting attempts or perhaps second broods (Marks 1986. Bent 1938). With the addition 
of eight sites that apparently had been utilized and abandoned by owls by the time of our 
survey. and two sites identified based on defensive behavior by adults, up to 13 active 
long-eared owl nests would have been located. The amount of fecal wash, size of pellets. 
and/or presence of owl feathers precluded the possibility that these sites were occupied by 
American kestrels. The 1975 surveys by Craig ( 1977) revealed three long-eared owl 
nests. 
My 1997 survey resulted in discovery of 11 active nests with the addition of only 
one nest site found with evidence of prior occupancy by a long-eared owl. This site had 
apparently been predated. In 1976, Craig (1977) located 16 active nest sites. Craig 
( 1977) suggested possible factors affecting owl numbers during his research including 
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poor weather conditions in 1975. and increased prey abundance in 1976. The number of 
nesting long-eared owls was apparently similar between years in my study, although nest 
sign was used to determine the number in the first year due to a late start. 
SUMMARY 
The ability of the Big Lost River arboreal habitat to support nesting long-eared 
owls has apparently changed little since 1975-1976. Despite the fact existing cottonwood 
trees and junipers in which the owls nested were sparsely distributed and many 
cottonwoods were in decline. there seemed to be an abundance of suitable nesting sites 
available , many of which were utilized and reused in successive years . The Big Lost 
River continues to provide important nesting habitat for long-eared owls of the INEEL. 
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Table I. Global Positioning System (GPS) locations of INEEL Breeding Bird Survey 
sightings of burrowing owls, 1985-1991 , and vegetation types at these locations 
according to INEEL GeograEhic Information S~stem (GIS) data. 
BBS route - stop UTM UTM GIS 
number Northing Easting vegetation a 
TAN - 22 4856374.863 365368.007 Sagebrush-Steppe 
Off Lava 
TAN - 13 4854795.933 364381.911 Sagebrush/ 
Rabbitbrush 
TAN - 12 4854548 .631 364570.621 Sagebrush/ 
Rabbit brush 
TAN - 10 4854219.487 364536.880 Sagebrush/ 
Rabbitbrush 
EBR - 11 4828687 .098 366226.268 Sagebrush/ 
Winterfat 
EBR - 13 4828662.003 366705.986 Sagebrush-Steppe 
Off Lava 
EBR - 15 4828048 .705 366723 .448 Sagebrush-Steppe 
Off Lava 
EBR - 17 4827532.603 366636.639 Sagebrush-Steppe 
Off Lava 
ICPP- I 4824676.284 344361.634 Sagebrush-Steppe 
Off Lava 
CFA-3 4820606.011 342316.584 Sagebrush-Steppe 
Off Lava 
a See Anderson et al. ( 1996). for description of vegetation classifications. 
Table 2. Breeding season chronology of burrowing owls of the INEEL, 1996 - 1997. 
1996 1997 
First sighting 20 March 18 March 
Laying dates a 3 May- 24 May 5 May- 22 May 
Hatching dates b 30 May- 20 June 24 May- 18 June 
Chicks first observed 7 June 3 June 
Fledging dates 29 June - 20 July 23 June - 18 July 
a.b Approximate laying and hatching dates are based on an estimated 28 day incubation 
period, calculated by backdating from video footage of chicks 11 nest sites. 
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Table 3. Numbers and reproductive success of burrowing owls located on and near the 
INEEL. 1996-1997. 
80 
Variable 1996 a 1997 b Combined 




Successful pairs (hatch) c 
Successful pairs (fledge) <1 
Fledged chicks 
Productivity e 
Observed nesting success r 










a Excludes five sites/pairs discovered late in the breeding season. 










I- 5 I - 7 
cThe number of pairs known to have successfully hatched chicks. Note that some of 
these nests were later predated or abandoned. 
i1 The number of pairs known to have successfully fledged chicks. 
e Fledged chicks/confirmed pair. 
r Successful nests/confirmed pair. 
Table 4. Summary of habitats surveyed for and/or utilized by burrowing owls on the 
lNEEL and known territorial pairs and singles within these areas. 1996-1997. 
Surveyed areas 
Crested wheatgrass fields 
(Agropyron cristatum) 
Near agriculture 
Misc. other habitats 
Total 
No. hectares surveyed 
(%of INEELa) 
3.532 ( 1.52) 
1,967 (0.85) 
4,416 ( 1.91) 
9.915 (4.28) 
a INEEL consists of approximately 231 ,600 ha. 







Table 5. Observed dominant vegetation and land use of sites occupied by burrowing owls 








Faci Ii ty/ungrazed 
Grazed 
Near facility. ungrazed 
Roadside, ungrazed 
Moundscale (Atriplexfalcata) Grazed 
Winterfat (Eurotia lanata) Roadside/grazed 
Rabbitbrush 










a Common vegetation types also commonly occurring at burrows include: big sagebrush, 
cheatgrass, and halogetin (Halogetin glomeratus) . 
b New burn occurred in 1996. 
c Includes one or more of the following: thickspike wheatgrass. Indian ricegrass . 
bluebunch wheatgrass (Agropyron spicatwn), and needle & thread. 
d Old burn was several years old (age unknown). 
Table 6. Groups and classification types of soils at burrowing owl sites on the !NEEL, 
1996-1997. 
Soil group 
Pl a ya 
Loess (silt, loam, 
windblown) 
Sands over basalt 
Mixed sand loess 
over basalt 
Soils classification a 
Terreton-Zwiefel 
Terreton silty clay loam 
Terreton loam 
Coff ee-N argon-Atom 
complex. 2-12% slopes 
Atom silt loam, 2-8% slopes 
Malm-Bondfarm-Matheson 
complex . 2-8% slopes 
Aecet-rock outcrop complex 
Bereniceton loam 
a Soils classifications are described in Olson et al. ( 1995). 
Site numbers b 
2 
3, 4 , 6, 7.22. 23,24. 25.26 
12 
I, 11, 15. 27. 28, 29. 30 








Table 7. Summary of burrow characteristics and visual obstruction readings (VORs) at 
nest burrows, reference burrows, and satellite burrows on and near the INEEL. 1996-
1997. 
Nest burrows Reference burrows Satellite burrows 
(n = 31) (n = 31) (n = 26) 
x SE median x SE median x SE median 
Mound volume (m3) 0.45 0 .06 0.41 0 .44 0.05 0.36 0 .34 0 .04 0 .31 
Entrance slope ( 0 ) 26.29 2.38 24.00 29.27 1.45 28.00 26.31 1.95 28.00 
Entrance area (m2) 0.36 0.01 0.35 0.34 0.01 0.35 0.34 0 .01 0.35 
Tunnel area (m2) 0.28 0.01 0.27 0 .30 0.01 0.29 0.29 0.02 0.27 
VOR5m 1.41 0 .20 1.13 1.39 0.22 1.13 1.25 0.15 1.25 
VOR IOm 2.26 0.24 1.88 2.38 0.23 2.00 2.14 0 .26 2.13 
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Table 8. Summary of vegetation characteristics measured at nest and reference burrows 
on and near the INEEL, 1996-1997. 
Nest burrows (n = 31) Ref. burrows (n = 31) 
x SE median x SE median 
Canopy coverage (% ): 
litter and bareground 72.71 0.90 80.00 71.73 0.94 80.00 
grass 17.60 0.76 10.00 18.57 0.80 10.00 
forb 3.85 0.45 0.00 2.79 0.35 0.00 
shrub 3.78 0.45 0.00 4.36 0.44 0.00 
rock 2.06 0.41 0.00 2.55 0.49 0.00 
Vertical density (''hits" a): 
0-10 1.01 0.06 0.00 0.97 0.05 0.00 
10-20 0.67 0.05 0.00 0.70 0.05 0.00 
20-30 0.21 0.02 0.00 0.19 0.02 0.00 
30-40 0.10 0.02 0.00 0.07 0.01 0.00 
40+ 0.05 0.01 0.00 0.04 0.12 0.00 
Perches: 
No. perches. 25 m 22.55 5.77 13.00 30.61 7.14 19.00 
N.A.P. distance (m) h 11.09 1.95 7.30 6.73 1.12 4.35a 
N.A.P. height (m) 0.69 0.09 0.55 0.55 0.05 0.48 
Shrub intercept (cm) 54.35 17.24 28.50 80.65 14.30 60.00 
a Expressed as number of "hits" of live and dead vegetation touching a metal rod. 
b N.A.P. =nearest available perch, significant at P = 0.058. 
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Table 9. Average number of old and new potential satellite burrows surrounding nest and 
reference sites on and near the INEEL, 1996-1997. 
Nest burrows (n=3 l) Reference burrows (n=3 l) 
Distance category New Old New Old 
0-25 m 0.03 0.65 0.13 0.19 
25-50 m 0.32 1.25 0.16 0.90 
50-150 m 1.22 6.03 1.26 5.81 
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Table I 0. Shrub intercepts and visual obstruction readings (VO Rs) at unsuitable habitats 
versus nest and reference sites on and near the INEEL, 1996-1997. 
Unsuitable habitat Nest sites Reference sites 
x shrub intercepta 1838 217 321 
% shrub intercept h 18 2 3 
x VOR, 5 m 4.49 1.41 1.40 
x VOR, IOm 6.48 2.26 2.37 
a The average number of cm of shrub species counted at each location. 
hThe average number of cm of shrub species counted at each location per 10.000cm. 
Table 11. Federal and State status of arboreal owl species potentially occurring on the 
INEEL (Conservation Data Center l 997). 
U. S. Bureau of Idaho Fish & Game U. S. Forest 
Species Land Management Department Service 
Flammulated owl Sensitive Species of Concern Sensitive 
Pygmy owl Watch Species of Concern Watch 
Boreal owl Sensitive Species of Concern Sensitive 
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Table 12. Percentage of the total Jong-eared owls heard by survey minules during ten 
minute long-eared owl playback intervals and other species playback intervals at survey 
stations on the INEEL, 1996 and 1997. Other species playbacks in 1996: flammulated , 
western screech, northern saw-whet, and northern pygmy. 1997 playbacks: western 
screech. northern saw-whel. and boreal. 
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Figure I. Map of the Idaho National Engineering and Environmental Laboratory (INEEL) 
showing major landmarks. 
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Figure 3. Burrowing owl sites occupied in 1996 and 1997 including burrows occupied both years 
(reoccupied sites). and 1985-1991 Breeding Bird Survey (BBS) burrowing owl locations. 
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Fig. 4. Nearest elevated perch distances from burrowing owl nest burrows and reference 
burrows on the INEEL 1996-1997. 
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Fig. 5. Number oflong-eared owl calls per broadcast session in relation to hours after 
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Fig. 6. Long-eared owl calling frequencies during night-long playback surveys on the 
INEEL, spring 1996 and 1997. 
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Appendix A. Global positioning system (OPS) locations of lNEEL bmTows occupied by 
burrowing owls with corresponding lNEEL Geographic Information System (GIS) 
vegetation classification and observed dominant vegetation within 25 m radius of each 
burrow. 1996-1997. 
Site UTM UTM GIS Observed 
no. Northing Easting vegetation a vegetation 
4866746.018 370188.327 Grassland rabbitbrush 
2 4864922.121 368917.633 Gralisland winterfat/rabbitbrush 
3 4864743.050 373418.174 Sagebrush-Steppe thickspike wheatgrass 
Off Lava Indian ricegrass/ 
winterfat 
4 4863505 .050 368670.079 Salt Desert Shrub moundscale/winterfat 
5 4860338 .972 372077.749 Basin Wildrye Indian ricegrass 
6 4859737 .307 371732.271 Sagebrush-Steppe needle & thread/ 
Off Lava thickspike wheatgrass 
7 4859540.238 371928.816 Grassland rabbitbrush/ 
thickspike wheatgrass 
8 4859180.793 372123 .074 Grassland thickspike wheatgrass 
9 4858904.500 372136.755 Salt Desert Shrub Indian ricegrass 
10 4857294.636 365691.297 S agebru sh-Steppe crested wheatgrass 
Off Lava 
11 4856785 .173 366207.140 Sagebrush-Steppe bluebunch wheatgrass 
Off Lava 
12 4849412.877 358734.626 Sagebrush Steppe Indian ricegrass/ 
Off Lava crested wheatgrass 
13 4840069.752 376404.979 S agebru sh-Steppe needle & thread/ 
Off Lava cheatgrass/ 
tumblemustard 
14 4839328 .355 383575.691 Grassland cheatgrass/ 
needle & thread/ 
halogetin 
15 4837438.637 383806.093 Grassland crested wheatgrass 
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Site UTM UTM GIS Observed 
no. Northing Easting vegetation a vegetation 
16 4831995.632 375094.752 Sagebrush-Steppe crested wheatgrass 
Off Lava 
17 4831963.933 375401.668 Grassland crested wheatgrass 
18 4831314.346 373074.932 Grassland crested wheatgrass/ 
big sagebrush 
19 4830898.909 356318.689 Sagebrush-Steppe tumblemustard/ 
Off Lava cheat grass 
20 4830110.719 373242.473 Sagebrush-Steppe crested wheatgrass/ 
Off Lava big sagebrush/ 
halogetin 
21 4830021.703 374231.844 Sagebrush-Steppe crested wheatgrass 
Off Lava 
22 4829950.906 374132.116 Sagebrush-Steppe crested wheatgrass 
Off Lava 
23 4829754.056 372566.001 Sagebrush-Steppe crested wheatgrass 
Off Lava 
24 4829597.846 373490.463 Sagebrush-Steppe crested wheatgrass/ 
Off Lava halogetin 
25 4829571.688 372528.486 Sagebrush-Steppe crested wheatgrass/ 
Off Lava big sagebrush 
26 4818785.864 354005.901 Grassland crested wheatgrass 
27 4817227.909 351985.050 Sagebrush-Steppe crested wheatgrass 
Off Lava 
28 4814180.661 351557.845 Sagebrush/Winterfat crested wheatgrass 
29 4814128.007 351666.417 Sagebrush/ crested wheatgrass 
Rabbitbrush 
30 4814027.548 351910.330 Sagebrush/Winterfat crested wheatgrass 
31 4813668.575 351426.030 Old fields-disturbed crested wheatgrass 
seedings 
a See Anderson et al. ( 1996), for description of vegetation classifications 
